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JOSEPH LEIDY, M. D., LL.D. 

By Peksifor Fhazer, Philadelphia. 

There 18 no more striking difference between tlie piist and pn^sent 
generations of scientific men than the universality of the knowl- 
tnige of the greatest men of the past and the absence of any pre- 
tension to it in oar present repn»sentatives. It could not lie other- 
wise. In classic times as well iw in the middle ages the distinc- 
tion l)etween words and things was not always clearly made. The 
same class of mind which would successfully grapple with thf 
paradoxes of the schoolmen was (Mpially ser\iccabU» in s|)eculations 
on the philosopher 8 st<^me. the existence of phlogiston, or the inter- 
pretation of a Greek text. Wonls were all imi)ortant, the motho<ls 
of logic were conventional, and no extraordinary memor}' was re- 
(fuired to master at legist in outline all that man had attaiue<l ; 
while the discussion of this knowledge could always l)e turned into 
the channel of the then philosophy, after which the battle was en- 
tirelvwith words and a skillful word -fencer could never l)e silence<l 
however little progress he made in convincing his opponent. 

With the closing half of tlu» la«t century, however, methoils 
were improved, the numl)er of facts increaseil in geometrical jiro- 
gressioii with the years, and out of chaos and clamor, onlerly 
classification and definite shapes were evolovwl, each one riH[uir- 
ing a different interpretation, claiming <lifferent classes of men. 
and nKjuiring different instruments of precision. As the paths of 
research diverged it l)ecame more and more diflScult for any one^ 
man to understand all the regions thn>ugh which they passed, and. 
one by one the philosophers liecame specialists. In the early 
part of this century the enormous development of natural and ex- 



- 7 m' Attiri*trtl/t (wt'otfHJtMt. Jtuiuar}, !«):; 

IMTJiiHMital s(!iifncf cau.sod tlie strain ever to inereas<» on those who 
would keep abreast of all departments of research, Imt still there 
remained the Huml>oldts, the llerschels, the Faradays. the Rejr- 
nanlts, and in this eountr>' the Baches, the Lecontes, the Leidys 
and some oth(»rs. Joseph Leidy was almost the sole survivor of 
that class of intellectual giants which seemwl to be able to assimi- 
late as much as Science in her many forms could province. Such 
a nice could not exist forever and it has passed away with him. 
After him there are only s)KH^ialists in one or more subjects, and 
^eneralizers who seldom come nearer to the tniths of nature than 
their description in a l>ook 

The father of Joseph I^idy. Philip, was Ijom in Montgomery 
I'ounty (one of those adjacent to the county which is the city of 
i^hiladelphia), December 5th. 17IU and moving in his youth to 
Philadelphia successfully pursued the business of a hatter. 

By Catherine Melick he had four childrc»n of whom the subject 
of this sketch was next to the youngest. Through the death of 
iiis mother and the marriai^e of her sister bv his father during; his 
4^rly infancy, Joseph only knew this kind stepmother who was 
as watchful of him as his real mother could have l»een. He was 
4H|ucated at private schools and early evineeil interest in natural 
objeicih au<l exhibite<l that talent for drawing of which he made 
60ch adjuirable us** to the last pi^riml of his life. An acci- 
^ieiital opportunity to visit a drug shop, wsis taken advantsige of 
hy h i in t4> perfect himself in pharmacy in a very short time, while 
the dissection of iaome domestic animals turned his attention to a 
Mudv which he wa^ destine<l to link closelv with his name. He Im^. 
'j^i tine Htadyof medicine in 1842. in the rniversity of Pennsyl 
vauia at \^. and in 1844, reoeiveil the degree of M. D., and in 
I'^IO wai» ap|M>iDt6d Prosector to the chair of Anatomy, under 
Prof Wom^T In 1S48 he went to England, France and Germany 
M it ii IH, Uonier. and again in 1H50 with Dr. George B.Wood. 

H*r liMd \pfstni e[e«.-ted a member of the Boston Society of Nat- 
KT^l Ui^^^Ty. aiHi the Academy of Natural Sciences in Philadel- 
phia iu j'^4^. axtd of the American Philosophical Society in 1849 
\u I'^Ut iM- vau» appointed in Dr. Homers place professor of an- 
»v/tti> iJt»^ iiijf *j*?en elected to the College of Physicians the year 
;^ifv>/u»> '/fi the tfHit break of the civil war he was appointe<1 
9M. x« *A xk^ .*fatterlee ftiot^pital in Philadelphia. In 1864 he 
«j Aiioa Hafden. Daring the succeeding years, thickly 
wm whk cvMitribatkMifr to science of the highest ralue. he n* 



eeived lutiny lioiiors from American and European scientific so 
cicties. The long list of them will l)c found in the careful and 
admirable memoir of Dr. IT. C. Chapman in the Proceedings of 
the Academy -of Natural Sciences for June 30. ISJU, to which 1 
am indeht<»d for the sUitistical information :is to his early life 
given alM)vc. 

Among these honors, however, his unanimous and enthusiastic 
election as President of the Academy of Natural Sciences in 1881 ; 
Ills installation as Director of the Biological department of the 
ITniversity of Pennsylvania in 1884; his election as President of 
the Wagner Free Institute of Science; and the degree of LL. D., 
which he received from Harvard in lH8r»; the gift of the Walker 
prize of 1^500 from the Hoston Society of Natural History raised 
to $1,000 as a special recognition of his great services to science: 
the prize of the Royal Microscopical Society in 1870; the Lyell 
medal by the Royal (Jeoiogical Societ}' in 1884; and the Cuvier 
medal fn#m the Aca<lemv of Sciences in Paris in 1888 should not 
be forgotten. 

Dr. Ijeidv was elected a memlH»r of the National Academy of 
Science in 1884. 

Tht» bare enumeration of his published works extensive in 
length and in variety though it be, wouhl give those who had 
never seen this great naturalist no idea of the man f)r of the 
sourc(» of this combination of versatility and accuracy which ren- 
dered almost every observation he made directly or indirectly an 
adtlition to science. Tn all that pertained to the acquisition of 
fiurts and to coc^rdinating them afterwards he made of himself a 
perfect machine in so far as he was insensible to and unaffectetl 
by the ordinary passions of ambition or rivalry which influence 
even the l>est scientists. He had a marvellous eye for noting 
the minutest phenomena and appreciating the most insensible dif- 
ferences; he had an unusually retentive memory for n»cording 
and keeping in order the vast fund of his observations and the 
nH5ords of those made bv others; and he was c(mscious of the 
limitations of pun* inductive philosophy to an extent which made 
the conclusions reachwl by him safe. It is usually said that he 
never mtuh* an en(»my. This scH»ms to l)e too much to say, for ene- 
mies are made by the very fact of superiority, and no doubt this 
great man had them, but if so they were prudent enough to refrain 
from declaring themselves. He would never (juarrel, and his de- 
sire for peace at all hazards would have subiected a less earnest 



and puiv luiiuled iiian to the charge of lack of tenacity, but tliose 
whone cause lie refused to e8|)ouse although he thought it ju8t, gave 
liim credit for a higher motive for his action. Ah an instance of 
the extreme delicacy of his vision, by a single glance through u 
glass case in one of the great University museums of this country 
he detected as imitations a number of specimens of so-CiiUed quartz 
which had l^een purchaseil, examined, and mounted by the pro- 
fessor of mineralogy as genuine. When these specimens were 
removed from the case and ciirefully tested it was found that those 
and onlv those which he had indic4ited were artificial. 

He has told us of the prosecution of his study of Hhizopods 
when he expectinl an Ama^ba-like mass to break into two, or an 
envelopinl <liatom to \w extruded, and the patience and endunince 
riHjuired to keep the eye at the instrument for hours waiting for n 
change that would (wcupy but a few seconds. He would wait and 
w<mld see the phenomenon while a student with much more time 
at his <lisposal would hav(» gmwn tired and missed it. 

In the Brazilian deiiartment of the Centennial Kx|M>sition were 
many valuable tourmalines, diamonds, topazes and Ix^ryls together 
with a large amount of nearly worthless material. This was put 
into the hands of the writer for determination and arrangement. 
He well rememl)ers the glance of Dr. Leidy at a large mtiss labeled 
l>cryl and his suggestion that it Ih» more closely examine<l to de- 
termine if it were not a white topaz. The size of the spi^cimen as 
well as its color had deceived the American geologist who had 
shipiMMl it from Bnizil, and the writer. Hut subsecjuent investigation 
proved it to l»e in fact a white topaz and thi» largest then known. 

Dr. Leidy was a rare example of a simplicity of <'haracter 
which neither adulation nor adversity could tarnish. 

In his very early life a less sincerely devoted student of scrience 
would have hiul his head turned by his rapid pn>motion, by the 
unusual (Hinfidence and liking of his superiors, and most of all by 
the extraonliuarily tlattering attention of the social world, but ln» 
was not .s)N>ile<l. He pi*obably noted his .sensations on those (k*- 
(^asions as so nniny psy<*hological experienci»s. 

Scientific men in all countries, very generally tlespise conven- 
tionalisms of <lress, conversation, and carriage and then» is a cer- 
tain external n»si»mblan<H» lK»twec»n them all. Dr. Leidv was one of 
the iHJst American n^presentatives of the scientific class in all tlies*'- 
respects. A splendid heail with kind expression, set upon broad 
stooping shoulders, a de4»pclu»st to which an arm generally pn^ssed 



lMH>kb or pa[>ei*H while the other hung free iit the side; a 
.straight toed walk with a sailor's swing from one side to the other 
at each of his long and easy strides; these things made him 
noticeable anywhere. People who knew him but slightly would 
go out of their way to wish him good morning, and would feel a 
touch of satisfaction at receiving his always hearty resjwnse. There 
is a Ijeautiful conserA'ator}' in Philadelphia, on Chestnut street, 
ne^ir Twelfth, where he often stopptnl to admiiv the exquisite flowers 
which the generous owners expose to the delectation of their fellow 
citizens. The lucky acquaintance who joined him at such times 
was tn»ated to an exjK)sition of the peculiarities and l)eauties of 
the various flowers which ran as smoothlv and unconsciously from 
him as if he were simply discussing the weather, but which opened 
new vistas of admiration. l)oth of him and of the works of nature 
in his listener. 

For years he was accustomed to pass a part of every Sunday in 
the mineral cabinet of the late Richard L. A'aux and after Mr. 
Vaux's death in that of Mr. Clarence Bement. Manv were theun- 
sound determinations set right and many the fruitful discussions 
over minends and everything else. 

Like the true naturalist that he wjis, he bequeathed his lM)dy to 
his colleagues in the interest of amthroi>onietric science, his friends 
\\\\{\ pupils Dr. Harrison Allen and Pr. P'raiicis X. Dercum having 
extracted, weighed, measured and preserve I that wonderful brain. 
His remains were cn»mated, and thus passed from earthly form 
one of the loveliest, wisest, and gentlest of men. May his exam- 
ple be of service to us all. 

Xotk: — Since writing the above 1 am indebt<*d to the nephew of the 
subject of this sketnh, himself an eminent ]>hy.'4ieitin, for the following 
additional facts: 

* ♦ "The weight of the brain was 45J^ oz., somewhat smaller than 
normal, and the appearance of the surface presented an unusual increase 
in the convolutions. No microscopic examination has as yet been made. 
The points of pathological interest were the presence of a hemorrhagic 
pachymeningitis on the right side and an unusual hardness of the blood 
vessels at the base due chietiv to atheroma. By a singular coincidence 
the brain of my father (Dr. Philip Leidy who died within a few hours 
of his brother, P. F.) weighed exactly the same to a grain and presented 
ver}' much the same microscopical appeanince, showing a decided fam- 
ily traU. Til ev both suffered from anurism, Dr. Joseph Leidy of the 
aorta and Dr. Philip Leidy of the heart. In all my experience, which 
has been large, at the post mortem t 'ble, 1 never saw the blood vessels 
at the base of the brain so large and hard. They were typical pipe stems." 

In a subsequent note, he adds: " Dr. Harrison Allen assisted by Dr. 
Dercum, as representatives of the anthropomoric society, performed the 
autopsies in both cases. Drs. Wm. Hunt, J.J. Levick, John Packard and 
Joseph Leidy, Jr. (the writer P. F.) were present. * * Both bodies 
were cremated in the (tormantown crematorv." 
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THE CHEMUNG AND CATSKILL (UPPER DEVON- 
IAN) ON THE EASTERN SIDE OF THE 
APPALACHIAN BASIN. 

By JoHx J. ^KVKMsoN, Xfw York. 

I Vlce-Pr<»bidential addresH delivered before Section K, Anierh'Aii At'j*o<'iation for the 
Advancement of Science, at Wa»hington, Augaat, 1891.] 

1 have chosen as a topic, the Chemung and Catskill on the 
eastern side of the Appalachian l)asin, indicating ]>y this term the 
are^i l)etween the Bhie Ridge region at the east and the line of 
the Cincinnati uplift at the west. It embraced as a water-area 
during the later Devonian much of New York, Pennsylvania, 
Ohio, Virginia, West Virginia and eastern Kentucky. There is 
reason for the ]K»lief that the southern outlet through eastern 
Tennessee wsis ch)se<l during this time, so that communication 
with the ocean was at the west. 

The UpiH»r Devonian on the eastern side of this area has aU 
ways attracted its full share of attention. l*alft?ontogically, it 
has intimate relations with the Lower Devonian and in some re- 
spects close relations with the Carlx)niferous. so that its place in 
the column remains even now, for some, an open(iuestion. The 
(^ui valence of l-pjK*r Devonian within the Appalachian basin to 
that lK»yond the line of the Cincinnati uplift is still a sufficiently 
perplexing matter; while the origin and grouping of the IkhIs 
within the basin itself are far fnjm being finally settle<l. 

The earliest iK)sitive reference to the Old Red sandstone is that 
by Amos Katon,* who in 1S21 regarded the re<l sandstone of the 
(/atskill mountains as typically the same with the Old Wi^X sand^ 
stone of Werner and sis distinct Iv different from the lUnlsandstoiW 
of the Connecticut Valley; at the same time n^cognizing its rela* 
tionswith the Carlionifenms and placing it in the Transition series. 

Marcou statest that Richard (\ Taylor published a i)ai)er in 
1831, discussing the relations of the Old Re<l sandistone to the 
Carboniferous; the same author^ in a later pajn^r exhibits clearly 
the place of the RcmI sandstone in central Pennsvlvania and its 
relations to the overlying Carboniferous. lie appears to include 

♦Memoirs of the Board of Agriculture of the State of N. Y., vol. ii, 
Albany, 1823, p. (i. The letter to Mr. Van Rensdelaer is dated Dec. 17th, 
1821. A similar reference was made iu a Geolofrlcal and Aftricultural 
Survey of the District adjoining the Erie C'anal, Albany, 1824, p. 92. 

•Kteoloi^y of Xortji Aiiierii-a. Zurich, 1858, p. 114. This paper by 
Taylor I have not sc^o. 

JTaylor. Transactions of tho (Jeoloj^ical WK-Ietv.of Pennnvlvania. 
Phi la. lH:r», vol. 1, p. 177. 
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it in the Secondary with the coals west of the Alle^hanies, thus 
separating it from the graywackes below. 

The first systematic classification of American nK^ks older than 
Carboniferous was presented in 183G by If. D. Rogers,* who 
placed in two groups the beds between the ^- fossiliferous sand- 
stone,'* (orOriskany, as we now know it) and the Lower Carbonif- 
erous sandstone (Vespertine or Pocono of later classifications.) 
These groups, Nos. VIII and IX of his column were distin- 
guished from the Carboniferous, which he divided into four groups, 
afterwards numljered X, XI, XII and XI 11. The same classifica- 
tion, with rather more of detail, was re|)e4ited in the Second 
Pennsylvania rej>ortt, as well as in the Second Kei)ort of W. B. 
Rogerst on the survey of Virginia. 

No distinct effort to subdivide the upper portion of the Devonian 

column of New York was made prior to preparation of the Thirt! 

Report of the Geological Survey. In that report Mr. Conradt 

defines the ''Old Redstone (Iroup ( Murchison )" as embracing 

\). Olive sandstone. — Old Rwl sandstone ? 
^ f Dark-colore<I shales. 
( Black slate. 

thus carrying it down to the base of the present Hamilton. In 
the same report, James llall|| introduced the term "Chemung" 
for gray IxhIs in (^hemung county, overlying those of his Ithaca 
group. 

The fourth rejiort contains \'anuxeni's description*^ of the 
S€*ries in his district, giving a complete grouping of the higher 
rocks and placing the Montrose or Oneonta sandstone at the top 
♦of the column. The same reiK>rt contains the general classifica- 
tion bv Prof. Hall** in which the terms. Old Red sandstone, 
Chemung group. Portage group occur in the order given. One 
year later Mathertt used the term --Catskill Mountain Series "' to 
designate all the rocks of the Catskill mountains from the Lower 
Carboniferous sandstone ( Pocono ) of Rogers down to the base of 

♦First Annual Report of State Geologist, Harrisburg, 183(5, pp. 12 to 15. 

tSecond Annual report on the Geological Exploration of the State of 
Pennsylvania, hy H. D. Rogers, Harrisburg, 1838. 

^Second Report of Progress of the Geological Survev of Virginia for 
the year 1837. W. B. Rogers; 1838, pp. 75-80. 

. ^Assembly Document, No. 275, Albany, 1839, p. 72. 

;|Loc. cit. p. 322. ^Assembly Document, No. 50, 1840, p. :W1. 

**Loo. cit. pp. 452-453. 

ttAwembly Document, Xo. 150, 1841, pp. 77 82. 
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IX iukI X ot til*' Pemisylvauia i*oluiiui. Tin* lemi rattikill ^rou|» 
2ip|*eai> k»i ill*" lirHi liiiir in Vauuxem >• tiiial n»|)ort. wliort' it is 
u»*«-<l U' <ii'bi<!:iiat4' Xhv HKJks at tbi* tu|> of ti«* JVvoniau. whicli 
skn- re^anit^il as I'ullv ix4ualJin<: in iinportaDCi' tiir uiHieriyiii^ 
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liall HT tiual ri'f^Htrt appeared onv ytuir iaUT and (*<mtaiii<^i tlit* 
>lH»upin^ wliicli Luis remaimHl uucliaiifftMl: 

K\\i\ KtHl HaiKistont' or (*atskill 
('liemun<r jrr<»u|» 
I'orlagv jrroup. 

Kiflvtfii Vf^rs ial**i ap|»eaiv<i Xhv liiial re|»ori <»n tin* iitiji^ijrya 
of IViUisylvaiiia. in whicli Clieuiiin<r and !*«)rta<rt' an* (tallt^d A'or 
]l^i\\. and tii<' (Jalskill is tbv lament of tin* )mlftH>zoi( ('«>lunin 
This ivpori tiM>k siia|K' loujr afltr th<'«jri<riual <»orj>s of olH«»r\-ers 
iia<l Ikmmi ait-atlere*! and th<* lield-nott- lMN>ks wen* not worktni up 
in alU*ii*n's l»v th«»s«* who iiad iiia(U' tlieni . w» that thf stiUemtMits 
an- r(olni'tiln<•^< ol»Ki*un- and l«K*al details an* t<H» often ]K*TpU»xiiu: 
l«» ivaders nt)i fannliar witli th*- «rn>nnd l^ittU' athiitional svs- 
l«'niati<' inl(»rmation iKvann* avaihd)lt' after tin> {ndilicTsition of 
KopM> linal re}M»n until Ihi results oiiiaiiu'd \\\ tin- StHMUui 
(i*^>i*Hiival >ur\«'\ of IVnnsvlvania l»ei*anie known 

Til* siiidi*'s h\ assistants on tin- Second 1*t»inisvl\anist Siirvev 
w«*r»- \«*r\ nnj«*ii in d«*lail t»win«i hirsrelv to the iuunense eeonomie 
ini^H»rLan4-« atlaeliin*: to th<- up|M'T portion of tiie lK>vonian eol- 
tinii: \U\\ tlu^ d«*lalJeii study. thon<;li leadiufi to (>l(»sc (*oneor(i 
II' MH-oni o* ;*irati;rraphieal work, lias led to widt* diftertMiee of 
i/piiiH/j II: r«"jj>*-<.'* to lin*^ of s4'panition lK»twet»n tin* <zt4»U|>s As 
tii« aii% It* l'«'nu.'^yi\ani;i is iaiffe. ^rreat variations exist in 
piii-»i';i *-ii:iia«'l«M- o! \iH'k> an<l in vertieal distrihution of fossils. 
>« tii^r difli*i»-iii.« of 4»pinioii ar(»s<- to a irreater or less <ie<rrei' 
n''pi-«M»ii^' till iiinilatitrn>> of rvrrv ^roup. liiit tin* dit1ereiu*t' i> 
4'*«^.»c<i:ili' ijoit'tvi»rtii;. ill til* «'as«- ol (*atskill and (Mienumi:. foi 
«Mji i»i>:^M\i-' i;n!i«- tlM- npjMM iNMindar\ lint' of (Mieunmii alui(»st 
'J.04M' ji-i- tiitliji" op ill iIm* <'olunni than is doiif 1»\ anothfi 
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One* observer coming from tlie nortlieast iilong the easterly out- 
crop of the Devonian finds good reason to mark C'atskill as be- 
ginning with the first appearance of red sliales, while another 
coming from the west and soutli thinks that Chemnng shonld 
close only with the final disappearance of the raarinif fanna. When 
these observers joined their work, their sections were in practical 
agi-eementj bnt were labeled very differently. 

The nnceilainty respecting the relations of Chemung and 
Catskill is due in no small degree to the fact that tlu^ earlier 
studit»s of those groui)s were made in New York and adjacent 
jwrtions of Pennsylvania, without much knowledge of the con- 
ditions elsewhen*. Had the study been In^gun at the south in 
Virginia, then carried nortliward along the east(»rly outcrop 
through Virginia, Maryland and Pennsylvania into New York; 
then )K*gun again in western New York or l*ennsylvania and 
carritnl eastward to the outcroj), many ditticullies. now apparently 
so formidable, would have been unknown and the pr<»blem of n»- 
lations, seemingly so i)erplexing, might have been easy of solu- 
tion. At this time, however, the study can be prosecute<l to 
better a<lvantage than was possible even ten yeai*s ago. for the 
oil-lwrings of western Pennsylvania ena])le one to trace the beds 
through that region also, where in some localities they are more 
than 2. (MM! feet below the surface. iiCt us follow, then, the 
courses in<licated, depending on the work of 1. ('. White. A. II. 
(^aill and (V A. AshV»urner in Pennsvlvania. and that of J. J. 
StA»ven.son in N'irginia and Penn.sylvania. with references to the 
work of James Hall ami H. S. Williams in New York. 

II. 

In the southwestern portion of Virginia, near the Tenuessin* 
line, the Devonian is represented only by black shale,* V)elonging 
at the base of the Hamilton: but within a few miles the Hamilton 
shows a greatly increased thickness,! while between it and the 
Lower Carljoniferous there are 850 feet of rock carrying Chemung 
fossils to within fifty feet of the top. The fossils are most 
abundant in a red or bluish n>ck with conchoidal fracture, which is 
the same in all respects, physically, with sonu' non-fossilifeixms 

♦Stevenson, Proc. Amor. Phil. 8oc. vol. XIX, pp. 223, %\:\ 24:J. 
+Steven8oii, Proc. Anier. Phil. Soc. vol. XXTl. p. \'M\. 
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tieds higher up in X\w s<»cti<)ii. Within .sixty luilen along the 
strike, this 350 ftH»t has developed into a great series with well 
marked horizons in the lower part,* while the upper part has 
become flaggy with not a few massive IkhIk. The sueeession now 
is, thc^ thicknesses toeing estimated, 

1. Not fully exposed, rontain in ir much red sandstone TOO' 

2. Voiifjlomerate 40' 

3. Shales and sandstone 1,000' 

4. Confflomertitf 30' 

5. Shales and flags 1,500 

But the No. 1 of the section contains gray l>eds in the lower 
portion, which, in some l<x*alities, have yielded Chemung mol- 
lusks at not less than 1500 feet alK>ve the conglomerate, while on 
New river, V:i.. where the thickness is somewhat greater, Che- 
mung forms were seen at al)out 500 f(»et al)ove the conglom- 
erate. But the reddish IkhIs which prevail towanl the top seem 
-to be non- fossil if erous. The tint of these l)eds l)ecomes more 
-and more i)ronounced towanl the northeast, until in Catawba 
mountain, .somewhat more than twentv miles southwe^^t of James 
river, they have the dismal red and gn^nish color, so character- 
istic of the series along the Potomac. And yet, in McAfe<»'s gap, 
only eight miles northward, Spin'/* nt dUjunrtn and some other 
(yhemung forms occur very near the top of the .series, within a 
few feet of the Vespertine ( Pocono) sandstone. 

The other parts of tht» section can l>e ol)servefl at many places j 
the up|K»r conglomerate ( No. 2 ) C4>ntains flat pebbles, whicli 
fre(piently show the longer axis vertical to the plane of iHHlding; 
No. .*{ contains concretiomiry sandstones passing downward into 
shales, with brown, blue and n^l to deep red flags and flaggy 
sandstones. (Chemung moUusks are especially abundant near the 
top. The lowest division consists of flags an<l shales, olive, gray, 
vellow, blue and dnd), with but few fossils. 

This is the siK*tion to James river, somewhat more than 150 
miles from the Tennesstn' \\\\k\ Details of.meiusuriKl sections 
made in n»cent vears In^twciMi the James and Potomiu^ rivers, a 
distance of not far from 200 miles, have not l)een published; but 
we need not wait for detailed nieasun*ments in this interval. ()b- 
ser\'ations bv the writer an<l bv others at mauv localitit*s 
have proveil tlu' section persistent, and tin* same sui^'ession 

♦Stevenson, AnH^r. Phil. S<m'. Proe. vol. XXIV, p. SI }«o<|. 
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is shown along the Baltimore and Ohio railroad as it follows 
the Potomac river. Of course there are variations in struct- 
ure; Mr. N. H. Darton tells me that the conglomerates are 
wanting in the section near Staunton, Virginia, Init this is merely 
local as they are present elsewhere. Further north, the upj>er 
lieds, or Catskitl, have an incresised proportion of shale, often 
bIoo<l-red, and the sandstones show a more marked conchoidal 
fracture, while the whole section has a greatly increased thickness. 
The Pennsvlvania line is reached hut a few miles north from 
the Potomac along the outcrop. (Crossing that line, one enters 
Fulton countv, where the succession is:* 

1. Catskill. Shales 1,000 

Sandstone and shale 2,100' :3,700 

2. CuEMrNo. Shales 1,000' 

Upper eonglamerate 10' 

Shales and sandstone 950' 

TA>iter conglomerate 10' 

Shales and flags 1 .a50 ' :3,82() 

The close resenil)lance to the Virginia section is ai)parent at 
once, the most notable change being simply the great increase in 
thickness of the upper portion. The upper Catskill consists for 
the most part of soft deep rtnl shales with occiisional sandstones.; 
but the lower Catskill is made up of brownish or greenish to nnl, 
cross l)edded, almost laminated sandstone, often looking as 
though it were worm eaten. Sometimes a large fragment re- 
mains on a hill top, resembling mueii a pile of thin boanls. 
Occasionally more m:issive sandstone prevails, as along the 
Juniata river in central He<lford countv of Pennsvlvania, where 
no tendency to lamination was seen. The Catskill appears to l>e 
wholly non-fossiliferous along the eastern outcrop from central 
.Virginia into New Vork. 

The absolute limit >)etwt»en (^itskill and Chemung is indetermi- 
nable, for the passage from one to the other is practically imperr 
ceptibie at most localities; the line drawn at any locality, whether 
on stratigraphic4il pr on pa liifonto logical grounds, is almost certain 
to be unsatis factor}- at any other. In Fulton county, however, 
•a maTke<l lit ho logical change occui*s at al)out l,OiM) feet alwive 
the Upper Chemung conglomenite, for there the alternations of rtnl 

^eologr of Bedford and Fulton countlea, J.J. Stevenson, Ilarrisburg, 
1888, pp. 73, 75, 82. I have re-arranged the section somewhat, placing 
the line between Chemung and Catskill 200 feet higher than in the 
original. 



aiul yfllow shales cease and the riaggy. almost himinate(!,re<l sand- 
stones lH»gin. The hist horizon of riiemun*; uioUusks was found 
at 2iM» ftH»t lower, where, at approximately 8(M» feet above the 
conjrlomerati'. the writer orjjinally drew the line l)etween the two 
groups. 

The interval between the eonglomenites is filled with yellow to 
red shales and gniy. brown, blue or red sandstones: the red l)eda 
form an insignificant jK>rtion of the section, but such as are pres- 
ent are strikingly like (^atskill. for the shales are often liright 
red and the sandstones cross bedded or in thin flags. Many of 
the beds in this interval are richly fossiliferous and the important 
horizons of (Miemung lamellibranchs are at but a little way Ue- 
low the upper conglomerate. The lowest beds of the (Miemung 
are shales and fiags: the shales overlying the fiags are yellow, 
gray, olive, dark brown and reddish: while the fiags. which doubt- 
less represent the Portage of New York, are almost wholly olive, 
and, unlike the overlying shales, appear to )>e very sparingly fos- 
siliferous. 

Bevoml Fulton <*ountv northward int<» New York, we must de- 
IH»n<! almost wholly upon the work of Prof. 1. (\ White, who has 
demonstrated the stratigiiiphical relations of the beds und(»r con- 
sidenition to those of the Catskill area of New York, and has told 
the story with such clearness that there is no oi)portunity for any one 
to cavil. His groui)ing of the r<»cks. however, ditfers from that 
aln»ady given: he prefers to include as Catskill all IkmIs down to lOU 
fc»et below the ui)p<'r conglomerate, which is the lowest horizon at 
which he found fish remains: he regards as transition the beds be- 
low that fish bed to the lowest red IkhI. 17)0 feet above the lower 
conglomerate, and applies to them the term Chemung-Catskill: 
while the remaining Ik'cIs of the secticm are taken by him tf» rej)- 
resent the (Mu»mung and Portage of New York. He identifies 
the rpjM'r (Miemung conglomerate of Fulton county with his 
Ijdchdird.nit c<mglomerate of the New York l)ordcr and he gives 
the nanu» of Afhyrijtpus to the lower conglomenitc. 

The succession in Huntingdon county, Peinisylvania.^* is : 

*I. ('. White in Geology of Huntingdon Countv, Harrisburg, 1880, pp. 
1IM04. As given here Nos. 1, 2, and 100 feet of *No. JJ, of the Chemun 
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lM»long to Prof. White's Catskill; the rest of No. 8, e.xoent 150 feet at the 
ba.He forms the Chemung-Catskill of the same author. All sections along 
this outcrop, cpioted from Prof. Whlt<», have been re-arrange<l in this 
wav. 
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1. Cathkjll. 2,5<X> 

2. Chemung. 

1. Haun's Bridge group 1,<H)0 

2. Litckawoxi'n conglomerate* 20 
•i. Sandstones and shales 1,000 

4. AlUffripimH conglomerate 5' 

5. Shales and flags 3,250 4,675 

The IlauuH Bridge group connists largely of greenish gray 
suudy shales and Hags with S4>nie red beds, and holds from bottom 
to top Chemung moUusks, some of which are very abundant. 

Prof. White's measurements near Catawissa, in (Columbia 
county, Pennsylvania, about sixty miles further along the strike, 
show the section still j>ersistent, the succession l>eing:* 

1. Cathkili., WXMV 

2. CnEMUN<i. 

1. Shales and sandstones 92*3' 

2. iMckAneaxen conglomerate 40' 

3. Shales and sandstones 1,180 

4. -lWwrtp^;»/« conglomerate 10 

5. Shales, sandstones and shaly 

beds 2,800 4,453 

The (^itskill exhibits little change in structure and, as lx»fore. 
appears to have no fossils aside from obscure fish remains. No. 
1 of the (Miemung is the same with the Montn)se shales of 
HusquehaiHui county as well as the Haun's Bridge group of 
IIuntingd<»n county. It consists, as it does further south, of 
variegated shales and sandstones, green and red predominating, 
and in the lower half has many IhmIs carrying Chemung mollusks. 
I have drawn the line l)etween Chemung and Catskill somewhat 
arbitrarily, where sandstone ceases to pre<lominate. for there is 
no noteworthy physical change in character of the rocks an3*where 
above the Ijachdim.rm conglomerate. That conglomerate is now 
irregular in structure, sometimes not conglomenite, but still con- 
taining fish-l)ones as it dot*s further south. The fragments of 
l)ones are larger and in l)etter pn»servation than at the more 
southern hx'alities. 

The interval l)etweeii the conglomeratt»s contain some reil IkkIs 
but as usual they form only a small part of the section, little 
more than ten i>er cent of the whole. A l)ed contiuning frag- 
ments l)elonging, apparently, to llolopttfrhina a.ssociated with 
Plrarotomftria sp. and Lin^ula :tiHitnhi{a, was observeil at 150 
feet IkjIow the Litrkaini^ren conglomenite. Vegetable remains 

♦The Geology of the Sus({uehanna river region, I. C. White, Harrin- 
burg, 1883, p. oT. # 
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are not wantinj;, for Anhtfoptrrix hi/hem im is ubundant above the 
fish IhhI. The Alhffrippus conglomerate ih no longer a constant 
niemljer of the series, though occasionally it is recognizable 
without ditliculty as a massive sandstone, sometimes containing 
Hat pebbles. 

Thus far. the section observed bevond the James river in 
\'irginia has Ikh'u persistent, the distance along the line of out* 
crop l)eing not far from 500 miles. In Columbia county, how- 
ever, the interval l>etw(»en the conglomerates is no longer richly 
fossiliferous. while fossils reach to Imt 51(i feet above the Lackn- 
iruxvn, instead of to 1.000 feet as in Huntingdon count}-. The 
section is still sullicieiitlv distinct at Hailville,* Luzerne county, 
Pa., alM)ut twenty miles further along the strike; but thence 
northeastward changt»s in structure become marked and are ac- 
companied by a still more rapid disappearance of animal remains, 
so that within a few miles such remains si»em to be almost wholly 
wanting in IkmIs alM)ve the place of the AlhyrijtpuK conglomerate. 

Prof. White's Pike county section was measured along the 
Delaware river about liftv miles northeastward from theCatawissa 
locality and practically on the same line of outcrop. It illus- 
trates the conditions in New York for the Delaware river there cuts 
across the Catskill iiKumtain region. The succession ist: 
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Honesdale fiaDdstonc 


100 


Montrose sandstone 


125 


Chkmuno. 




1. Montrose red shale 


100 


2. (Treenish-gray sandstone 


80 


li. Lfickawaxen conglomerate 


50 


4. Greenish sandstone and shale 


300 


5. Red shale 


50 


f>. Delaware tlagrt 


1,000 


7. New M i If ord shales and 8. S. 


75 


8. Starucca beds 


«00 


9. Sandstones and sandy shales 


1,850 4,055 



The highest beds of the (^atskill. the Cherry Ridge shales, were 
not measunHl, but thev add barely 150 feet, so that, within little 
more than fifty miles, the Catskill has lost almost *5,000 feet, 
wliile the Chemung is but 400 feet thinner. Rut it should l)e 
noted that the ui)i)er )M>rtion of the Chemung has lost much, 
while the lower |K>rtion has increa.sed greatly. The Alhgrippus 

*\Vhite, Loc.cit. p. llHi. 

tOeology of I*ike and Monroe counties, I. ('. White, Ilarrisburg, 1882, 
pp. 78 and 04. 
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conglomerate l^olon^s iit Uio bttse of the Stanieen VkhIh but it is 
not present. Kven the Jjnvkmna.rvn is no longer persistt^nt us a 
conglomerate and in some localities it is not even massive. 

The most interesting feature of this section, characterizing 
also those obtaineil along fragmentary outcrops in Carl)on and 
Monroe counties, sav 25 miles southeast of that which has betni 
followed, is the apparent absence of animal remains from the 
whole series alx)ve the lowest meml)er of the section, there being 
no trace aside from what seem to 1k» fragments of fish-liones in 
breccias of the Ilonesdale sandstones.* Arrfuvoptr ris jarhsoni is 
plentiful near the base of the Montrose shales. 

We have followed this section along practically one* line of out- 
crop for nearly r^OO miles, from th(» northern lx)undary of Ten- 
nessee into southea.stern N(»w York. Its persistence, stratigraph- 
ically, is remarkable, since variations in structure are inconsider- 
able until within thirtv miles of the New York border: but serious 
changes of sonu» sort occurreil during the long period of deposit, 
for in the extreme south, even the representative of the Montrose 
sandstone carries Chemung fossils, while in northeastern Pennsyl- 
vania and the immediately adjacent j)ortion of New York, animal 
remains practically disappear alM^vethe hori/on of the AllfffrtppuH 
conglomerate. 

Let us now return to southern Pennsvlvania an<l follow the 
section westwanl; but first let us ri^-laljel the Fulton countv sec- 
tion, giving to its parts the geographical names applied in the 
counties between that and the Delaware river, so that the relations 
of the different parts of the section may be remembered. It Ih»- 
comes 

Cats KILL. 

Cherry Ridge shalen 1GO0' 

Montrose sandstone 2 100 ' :n()0 

CUEMUNG. 

1. Montrose red shales 1000 

2. LarJca^axen conglomerate 10' 
H. Shales and sandstones, including Dela- 
ware flags and Starucca l>eds t)50 

4. ^/^np/HM conglomerate 10 

5. Shales and flags, including Portage of New 

York 1850 :W20 

The thickness of the section diminishes rapidh* toward the 
west, so that on tin* western ]K>rder of Bedfonl county, near the 

*Mr. C. 8. Proser informs me that he has discovered some lamelli- 
branchs in the Delaware flags and some SpiriferB in the Honesdale 
sandstone, or possibly at the base of the Cherry Ridge shale. 



16 Tin' Aim' n can GcohMjlnt, .Inmiury, i«fcr 

Marylaiul liiu\ the Cherry Ridge shales liave almost disappeared 
and the total thickness of (^itskill, including doubtless some of 
the Montrose shale, is but 1980 feet. No outcrop is seen in the 
adjoining county of Somerset until the western edge has been 
reached, when* under the great anticlinal of Laurel hill, the 
Youghiogheny river hjis cut down to the Delaware Hags. There 
the Montrose sandstone is present, but only a few feet thick ; 
while at not more than three miles further west, on the other side 
of the anticlinal, the Catskill has disappeared and the \'espertine 
(Pocono) rests dirc»ctly on the Montrose shale. 

The Chemung shows a similar decrease in the same direction; 
for on the railroad section in western Bedford, the whole interval 
of Chemung and Hamilton is represented by a concealed space* 
of 2,r»!50 feet, giving to the Chemung a thickness of somewhat 
more than 1,800 feet. The exi)osures under Laurel hill in the 
Youghiogheny and CiAuemaugh gaps suggest a continuance of the 
decrease, certainly in the upi)er i)ortion. The gaps through 
Chestnut ridge, ten miles west from liaurel, affonl the last ex- 
posures, in this direction, of any part of the Devonian on the 
eastern side of the basin; the section in the (N^nemaugh gap, 
barely fifty miles in a direct line fn>m Pittsburg. t is 

Pocoiio WW 

Montrose red shaleH 125 

iMckfUPiixen coDgloinerat(^ 20" 

Shale and sandstone 120' 

(.'on<ealed to river 150' 

The M(»ntrose shale is composed of dull, grayish-red shale and 
thin stretiks of sandstone, carrying Chemung species up to with- 
in one foot of the Pocono. The Lackawaxen is characterized by 
flat-i>ebbles as it is also on the **National road" in Fayette county, 
where some of the larger pebbles are felsyte-porphyry. J Exca- 
vations nuule since these measurements were obtained show that 
then* is much dull reil shale l)elow the LachawaA'n^ especially in 
the concealetl |X)rtion. The interval from the top of the Pocono 

♦8tevenw)n, Oeology of Bedford and Fulton counties, p. 81. 

tOeology of Fayette and Westmoreland Counties. J. J. Stevenson, 
Harrisburp, 1877, p. 2ftl. 

JAn annoying error occurs in my reiwrt on the Ligonier Valley 
(Harrisbnrff, 1878). Part of the notes referring to this rock were copied 
under the Pocono, and some of the Pocono transferred to this: so that 
this conglomerate is described as not containing flat pebbles. 
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to the Lnvh-ainuctni in 508 feot; in the <leep borinjj at Pittsburg 
it is given as 510 feet. 

Mr. J. II. Carll has tabulated the oil-well records in the west- 
ern oil-bearing counties of Pennsylvania, and we must depend 
largely upon his work as we follow the series northward in west- 
ern Pennsylvania; though one may sometimes fail to accept his 
identifications, yet all must acknowledge the patience with which 
he has workeil and the excellence of his results. 

At Witshington, alN)ut thirty miles southwest from Pittsburg, 
the interval to the Fjackawdxcn is from the top of the Pocono is 
518 f(H»t, and the rock is termed l)y Mr. Carll. the -'gas sand."* 

The section there is 

PocoDo (ShcnaD^o sandstone of Wliitei 152' 

Interval :J6« 

hichncajrcn conglomenite 20 ' 

Interval 87' 

Gantz oil sand 40 

The Pocono has lK»come less coai>*e. At Pittsburjj it contains 
much shale, while in Washington county its sandstone is often 
less than 150 feet thick. 

Mr. Carll recognizes in the (lantzsand, the upper or fii*st of the 
Venango gn^up of oil-sands, which consists of three well marked 
sandstones separatcnl by shales and showing few variations in 
Vemmgo county. It is not easy, however, to accept this identifi- 
cation after a careful studv of his sections as tabulated in the 
Annual Report for 188(), and I am compelle<l to regard the upper 
gas sand of Weiricks well lus the first oil sand of Venango, and 
as the Lach'mm.reiiA The distribution and variations of the 
Venango group are shown in the very numerous records of oil- 
wells which Mr. Carll has preserved and published in his volumes 
on the western counties of Pennsvlvania. A .section on Thorn 
creek* in Hutlcr countv. at about thirtv miles noiihwanl from 
Pittslnirjr irives 



r« r«' 



Shenango 8audstone (of White) 

InterN-al 396 

{Jjacknirtfxen) first Venango oil sand 45' 

Interval ^ 420' 

{Alleffripptu) third Venango oil 'sand 46' 



♦Carll in Ann. lieport of 2d Geol. Survev of Pennsylvania for 1886, |». 
656. See plate Plate 5 figs. 30 and 21. 

tSee fig. 21 of Plate 5. 

JCarll in lieport for 1886, p. 650. See Fig. 19 of PI. 4. I have con- 
densed th(' section and inserted the names of the sands. 
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Sevi»n years ago Prof. Wliite asserted that the first oil-sand is 
the same with his Lnch-fnca.ren, and suggested that the AUcgriji- 
puft might prove to l)e the same with the third Venango. There 
is no room for doubt respecting the accuracy of these surmises. 
Tiie interval l)etween the sands is not far from what we should 
expect, for in western Bedfonl it is not more than 600 feet, and 
the decrease in the upper part of the column continues westward 
to the last ex|)osure under Chestnut ridge. Some red rock occurs 
in this interval at Pittsburg and at Petrolia in eastern Hutler as 
well as at Edenburg, 20 miles further east in Clarion county. 
Red shales, from 60 to more than 100 fei»t thick overlie the 
[jiickniciixen at many places in Butler count}*, though occasion- 
ally they are separated by a few feet of variegated shale. A sec- 
tion on Bullion creek.* in Venango county, about thirty miles 
north from Thorn creek, shows 100 feet of red rock immediately 
over the Luclcmraxen or first oil-sand and 55 feet of red rock in 
the 215 fec»t interval l>etween that and the A1hcfi'ippns< or third 
oil -sand. The distance here from the Pocono to the Lavhiwaxin 
is :iH5 feet, almost the same as in Brady township and on Thorn 
<TtH»k of Butler county. 

It is unnecessary to go into further detail respecting the features 
of the Venango group, as the variations, aside from those of 
thickm^ss, are inconsiderable, and they are all shown in full in Mr. 
Carll's several reports. 

The whole series comes to the surface again in Crawford and 
Erie, the northwest counties of Pennsylvania, where the sub- 
<li visions have been worked out in great detail by Prof. White. 1 
give his generalizcKl sectiont somewhat condensed and diflTerently 
#livide<l: 

J '(MONO. 



1. 


8henan^o Haodstone 


26 




I, 


Meadville shale and limestone 


60 




3. 


SharpviUe fiags and limestone 


64 




4. 


Orangeville shale 


75 




5. 


Corrv sandstone 


20' 


*>rui 


<'llKMUN<i. 






t^W\f 


1. 


Cussewago shale and limestone 


37 




2. 


Cussewago sandstone 


25' 




3. 


Kicevdle shales 


80' 




4. 


[Lfiekaw(txen\ first oil-sand 


20' 





♦Carll in loc. cit. p. 647. See PI. 8, Fig. 14. 

■fGeologv of Crawfonl and Erie Counties. I. C. White. Harrisburg, 
1H81. pp. 66-tlft. 
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5. Shales with second sand 260' 

6. \AlUgTippus]\Xi\T^ oil -sand 30' 

7. Lower Chemung 825' 

8. Oirard 225' 

». Portage 475' 1477' 

Prof. White placed the whole section to the biise of the Cusse- 
wiigo in the Pocono or Lower Carl>oniferou», though fteemingly 
with Home hesitation respecting the lower members. The Corry 
sandstone appears to be the representative of the Berea of Ohio. 
The Riceville shales are ec^uivalent to the red rock of Butler and 
Venango as well as to the Montrose red shales of the eastern 
sections. Typical Chemung forms occur here at many places up 
to within 15 feet of the (^ussewago sandstone. The La rk-a waxen 
18 seldom coarse in northwestern Pennsylvania. The Alley rippm^ or 
thinl oil-sand, is the persistent stratum in this region and the one 
possessing economic importance. Prof. White gives good reason 
for identifying it with the Panama conglomerate of New York. 
Prof. White found the same section in Warren cH>untv at Tidioute, 
twelve •miles east from the Crawford lino, and he regards the 
CorroHteuH bed at Warren as the same with the Lacknicaxen^ or 
first Venango oil -sand. Mr. Carll's stK^ticm at (rreat Bend,* on 
the eiLstern edge of Warren county is of interest as showing the 
appearance of the ^'Cat«kill type, "t as he terms it, there l)eing 
alwve the Riceville shales, 88 fiH»t of greenish gray sandstone 
with olive and re<l shales; so tlmt .somewhere l>etween Tidioute 
and < rreat Bend the typically Catskill characteristics appear in 
the upper part of the section. Chemung fossils are found in the 
Riceville shales or Montrose Red shales and SnuijinnoUtifi o(?curs 
in the Laekawaxen. 

Meanwhile a noteworthy change has occurrtMl lielow the Lacha- 
tnixen, for though 327 feet of rock are shown, yet the AllegrippuH 
or thinl sand is not reached; so that we are ])repare<l for the con- 
dition shown bv Mr. Ashburner's j/eneralized section of McKean 
countv, next ejist to WarnMi alon^ the northern Inirder of the 
state. There we findt 

Pocono 250 

Catskill 250 

Chemung 1990 

♦Log. cit. p. 641. 

tOeological Report on Warren count v, J. 11. ( 'aril, Harrishurg, 1888, 
I). 302. 

IGeologv of McKean County, Etc. ('. A. Ashbumer, Hurrisburg, 
18S0, p. 4.H. 
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the Oatskill consisting of -'red and grey slate, shale and sand- 
stone" at Smethport, thirty miles east from Great Bend, in War- 
ren eount}'. The Chemung is triple, an<l its upper division is 
itself distinctly triple, consisting of 

dray shale and sandstone :^50' 

Hed and gray shale and sandstone 300' 

(iray shale and sandstone 050' 

the lowest IhhIs resting on the Bradford oil-sand, which is Mr. 
Ashburners Middle Chemung. Typical Chemung mollusks oc- 
cur in the highest beds of the (Miemung and some species appear 
to have persisted into the lower i>ortion of the IkmIs assigned to 
the Pocono. This abrupt thickening of Chemung and Catskill is 
precisely what should lx» expected here to accord with the condi- 
tions along the southern Ijorder of the state. 

The sections in Potter county, that adjoining McKean at the 
e:i8t, are incomplete, and our knowledge of the struct un' is far 
from iHMUg satisfactory. Mr. Ashburner made some examina- 
tions in the western i)art of the county, which were merely inci- 
dental and sufficed only to show that the -^Catskill type" of rfx*k 
increases in thickness eastwanl just as it does toward the south- 
east, then' being Wli) feet of red, gray and green shales and 
sandstones overlying the uppermost subdivision of his McKean 
county (^hemung. He finds some red in his (Miemung* as well as 
in the overlying Pocono. Fish beds occur in his (^U^skill as well 
as in the upper part of his (Miemung. No information is given 
re8iH»cting distribution of molluscan remains, l>ut (»n the eastern 
side of Potter, Chemung fe)rms extend far up into the nnl IhkIs, 
for, just over the lK)rder in Tioga county, (Miemung fossils aiv 
found at more than ;iO0' above the first red beds, t 

The condition in Tioga and Bradford counties, those next at 
the east, is sufficientlv clear. Prof. White's incidental studies in 
those counties make it jK)ssible to utilize Mr. Sherwood's work, 
and at the same time to gain a good undei-standing of the work 
done by Prof. Hall and Mr. \'anuxem more than fifty years airo. 
The sii'tion near Hlossburg. in Tioga c<»unty, gives a starting 
point, t It is 

*Lo<\ <it. pp. 77 78. 

tA Sherwood in Report of Progress in Hradford and Tioga counties. 
Harrisburg, 1878, p. 8<;. 

JOeologA' of Susquehanna an<l Wayne Counties. I. ('. Whit«', 1?<><K 
p. 72. 



( 'It4'm vhij inul ( 'ainkiU. — SttnuHon . 2 1 

Pocono. 57;V 

Hed shales, j^reen and gray sandstones and concealed 880 ' 

Fish coDglomerate (Holoptyrhius bed) 2' 

Hed shale and sandstone 200 

The tliiekno8s of the rocks in the vicinity of Hlossburg had 
1hh»ii much underestimated by other observers. All the beds of 
the section below the Pocono have been regarded by authors as 
Catskill. but at ten miles further down the Tioga river, three 
miles 1k»1ow Mansfield, Chemung fossils have been found by Mr. 
Sherw(K>d in a calcareous rock,* only 165 feet l>elow the bed 
taken as the base of the Poccmo in Prof. White's section, and 
therefore at more than 950 feet above the lowest red b€»ds in that 
section. At a little way further east, Mr. Sherwood found great 
abundance of fish remains with shells and fragments of plants in 
the lloloptifvhiiiH l»ed: a calcareous bed at 84 feet lower down con- 
tains abundance of well-known Chemung forms, while red l)eds 
continue in alternation with jmiv beds for 150 feet lower down in 
the column. In 1830. Prof. Hall connected his New York work 
with Pennsylvania at Tioga, eight miles further down the river, 
where he found the upper meml)er of the Chemung passing under 
the Old RcmI sandstone, whose thickness he estimated at 4(M» feet. 
It is sufficiently clear that the red beds, including the fish l>ed, 
were regarded by him as belonging to the '*01d Red Sandstone. " 

The McKean countv section can Ik* recognized without difticultv 
Ih Tioga county, despite the change in character of the rocks; for 
the middle division of Mr. Ashburner's I j)per Chemung finds its 
<\piivalent in • -Mansfield Reds" of JiCsley, containing three ore 
l>eds near Mansfield, the second of which is the celebrated Ifolop- 
tifchitts bed. The base of the Red and Gray group in McKean is 
at 000 feet below the Pocono. while in Tioga county the Ilolup- 
tifvhutu IkhI is at 8*50 feet. At the same time, the structure so 
well worked out by I^rof. White in Susquelmnna county, can b<» 
recognized with less difficulty than that of McKean. Eastwanl 
from the Tioga river, fossils become rarer in the upper part of 
the section: Mr. SherwcMxl states that no fossils occur in the 
Towanda basin of Rradford countv until a IhhI is reached at 800 
ftM*t below the Pocono. t 

Prof. White's work in Suscpiehanna and Wayne counties, was 
connected by him with that in Bradford, which liesbetwetMi Tioga 

♦A. Sherwood, loc. cit. p. 79. 
+Loc. cit. p. 28. 
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juul SuHquehannu. His section for those counties, condensed and 
re-arranged is* 

Cathkill. 

Cherry Kidge shales 110' 

Honesdale sandstone 00' 

CnKMUNO. 

Montrose red shales 180 ' 
Pan pack sandstone and shales, New Mil- 
ford flags and shales 585 ' 
Shales and sandstones 244' 
"Mansfield Keds" 90' 
(AlUgrippui) Cascade Creek sandstone 25 ' 
Shale and sandstone 120' 

The lower portions of the coltimn are not exposed in the coun- 
ties. The Pan pack sandstone, immediately underlying the Mont- 
rose shales, occupies the jK)sition of the Lackawaxen conglom- 
erate, l)ut it is not seen as a conglomerate except in eastern 
Wayne, on the border of Pike county. The Cascade Creek 
sandstone is the same with the Falls Creek sandstone of Brad- 
ford county, and with the Allegnppiis conglomerate of Bed- 
ford and Huntingdon counties, the Lower Chemung conglom- 
erate of Fulton county. A great part of the interval be- 
tween these sandstones is represented further east by the Dela- 
ware flags. For the most part, this is the section observed along 
the Delaware river in Pike county of Pennsylvania, and in the 
adjacent i)ortion of New York; and the Honesdale sandstone is 
the Montrose sandstone of Vanuxem. t Prof. White made dili- 
gent search for fossils, but no mollusks were found at any hori- 
zon more than IHO feet al)ove the AUegrippus-^ but Chemung fos- 
sils an» sufflcienth* abundant below that rock. Archtr.optcrh 
jacksoni occurs in the Paupack or Liuhdimxen. 

III. 
We have come once more to the Delaware* river, the last iK)int 
reiicheil in the tracing of the easterly outcrop. Clearly the 
series is one: the middle i)ortion, that between and including the 
two CHmglomerates. is evidently persistent all the way round, except 
perhaps in McKeaii and Potter counties of Pennsylvania, where, 
however, the difficulty lies most probably not in absence of the 
sub-group but in the absence of records. 

♦Geology of Su8(iiiehanna county and Wayne countv. I. C. White. 
Harrisburg, 1881. pp. 56, 58, 59, 73. In accordance wfth Prof. White's 
suggestion (Oeol. of Susquehanna H. Region, p. 52,) I have omitted the 
upper 375 feet of the section. 

tAnnual Report of N. Y. Survey for 1839, p. 381. 
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The serious question uow arises, how shall this great column, 
with a maximum thickness of more than 7,000 feet, be divided 
and what value shall be assigned to the divisions? Before under- 
taking to answer the question, let us recall the signification of 
the terms Catskill and Chemung lus originally employed. 

Mather* in the annual reports as well as in his final report used 
the term '^Catskill Mountain Series" to include all beds from the 
very highest rocks in the Catskill mountains down to the Cor- 
niferous, thus making it equivalent to '^Formations viii, ix, x, and 
XI of Prof. Rogers' Report on the Geology of Pennsylvania for 
1838.'' '^Catskill group' was used first by Vanuxem in his 
final report, published in 1842,t though he had previously fixed 
the lower limit, as may be seen by reference to the fourth report, 
where he takes the Montrose sandstone as representing the group. 
That rock rests directly on the Chemung group, whose upper 
limits are not so well defined in the fourth district of New York, 
though suflftciently so in the third. Its lower boundar}' appears 
to be distinct in both, so that the group consisted of the Chem- 
ung and Portage. But the Catskill group of authors is a varia- 
ble ([uantity. By some, the whole mass in the Catskills proper 
has been taken as belonging to the group; by others, the first n*i\ 
bed is taken as the base of the group, while others still see the 
beginning in the fii'st fish bed. No one of these limitations 
suflftces, for e^ich is purely local in character and cjinnot Ik» ap- 
plied over a great area. 

Stratigraphiciilly the two groups, as understood by Vanuxem, 
are separable without difficulty. The Catskill, including under 
that name, the Cherry Ridge shales of White and the Montrose 
sandstone of Vanuxem, is thoroughly persistent along the easUTu 
outcrop from Greene county of New York to far beyond the 
James river in Virginia; its variations in thickness along this line 
are for the most part very similar to those of the upjjer and mid- 
dle divisions of the underlying Chemung. Westward and north- 
westward, however, the variations of the Catskill are unlike 
those of the Chemung. In southern I^ennsylvania, the Cherry 
Ridge shales disappear within forty miles, while the Montrose 
sandstone thins out more slowly and does not disap|>ear until Fay- 
ette county is reached; there, however, the whole mass, ;j,700 

♦Fourth Annual Report, p. 327. Geology of N. Y. Part I, p. 299. 
tOeology of New York. Part III, p. 180; 4th Ann. Rep. p. 381. 
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feet thick ill Fulton county, is wanting. In northern Pennsyl- 
vania, the decrease in thickness is aV»rupt for a few miles, but the 
final disappearance of n)cks of the Catskill type is in Wam»n 
county^ just as in New York it is in Allegany county east from 
the (renesee river.* In southwestern Pennsylvania the Catskill 
is wanting, because the rocks have thinned out; whether the dis- 
appearance in northwest Pennsylvania is due only to thinning or 
to interlocking with rocks of different color, cannot V^e determined 
in our present state of knowledge. 

The upper sub-divisions of the Chemung, when followed west- 
ward, are found to vary much after the same manner throughout. . 
The abrupt changes oliserved in the Catskill had no predecessors 
in the Chemung, except in southwestern Virginia, where the 
whole series, Chemung and Catskill, as well as most of the under- 
lying Hamilton and much of the overlying Pocono have disap- 
peared. The Chemung section thus grouped 

Shales 
, Sandstone 
Vkxango-^ Shales and sandstone 
Samlstone 
Shales and Hags 

can be recognized not merely along the eastern outcrop from New 
York to far beyond New river in Virginia, but also in western 
Pennsvlvania many miles Ijevond the western limit of theC^atskill 
IkmIs. 

it is sufHcientlv clear that, at the close of the time eml)raced in 
the (Miemung group, a physical change occurred, which, though 
not observable along the eastern outcrop. lK»comes very distinct 
within 100 miles westward or northwi»stward. During the whole 
of the Chemung pericxl, the subsidence was less and less rapid 
toward the west and northwest, though doubtless keeping pace 
there as at the east with accumulation of <leposits, which, in that 
direction, l>ecame less in (piantity and finer in grain, as the rocks 
at the west and noi1 Invest were not such as to vield much coarse 
material. But at the close of the (Miemung, the subsidence lie- 
came still less rapid toward the west and northwest, so that 
the area in which Catskill was deiK>sited l)ecame narrower toward 
the .south. t It is altogether unnecessary to resort to the concep- 
tion of elevation in western Pennsylvania or Virginia: indeed 



♦Geology of New York. Part iv. p. 279. 

+Iiecaii8e of the southwestward trend of the Appalachian land area. 
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any such concept ion would be at variance witli Huch evidence as 
from study of the stratigrapliy. For the most part, the changes 
we have. Tliat region was not above water at any time so as to 
make the Catskill dejKjsit in a closwl sea; no snbar*rial erosion 
took place there after the close of the Chemung, for the thickness 
of Montrose shales in the oil-wells and in northwest Pennsvlvania, 
where thev are Prof. White's Riceville shales, varies immateriallv 
from their thickness in Somerset countv. where thev underlie the 
western edge of the Montrose or Honesdale sand-stone. 

But while making use of these variations in rate of subsid- 
ence as atfording a convenient method of sepaniting the Catskill 
and (^hemung groups, we must not forget that in by far the 
greater pail of the area, the conditions exhibited in the Catskill 
an* but a continuation, and as it were an intensification of those 
existing in the Venango portion of the (Micmung. The ap|)ear- 
ance of red rock with green and greenish gray sandstone begins 
in Pennsylvania very little above the Afltyriftfttts conglomerate*, 
and continues in irregularly incn»asing quantity to the top of the 
<H>lumn. while in New York, red rock makes its fii*st appearance 
in the Portage.* The amount of re<l between the congU)merates 
varies greatly, being seldom more, though often less, than ten per 
cent, along the eastern outcrop, while at some places in western 
IVnnsylvania it is much greliter. The MontR)se shales are largely 
wmI along the easterly outcmp, but they show not a little varia- 
tion even there: while at the west, thev are sometimes whollv red 

• ft 

and at others without aiiv red beds whatever. (Jreeiiish grav and 
bn>wn or reddish brown sandstones occur in large proiM)rti<m in^ 
the Cat^ikill itself. 

All observers agree that the passage of (Mienning into (^itskill 
is so gnidual that, lithologically. no absolute line of separation 
can be drawn in a great part of the Appalachian basin. The 
Unid lK»tween Catskill and upper (Miemung is even more intimate, 
as far as structure goes, than is that betwcH*n the up|>er Chemung 
ami the lower Chemung or Portage. As far as physical chanicter- 
istics are to Ik» depended on. the whole series is one. ami the 
terms (\ifski/f. ilnnnnnj, I'nrftnfr might well be taken as names 
of ciKK'hal divisions of the Chemung period. 

The paheontological record confirms this conclusion dniwn 

♦James Hall in 2Hih Annual Heport of tin* Iteirents on the Stat4» 
Museum. 1876, p. 15. 
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in general cumlitioiis were imsignificant from the beginuiug of the 
Portage to the clo^e of the Chemung; at all eventa the chaiigeH 
in by far the greater |>art of the area under consideration, were 
not Hueh iw to interfere materially with the existence of the 
molhiscan fauna known as Chemung, though as we have seen, 
there were cireumscril)ed areas in which the conditions did prove 
ven' injurious to animal life. 

The Chemung and Catskill are very distinct, palffiontologically. 
along the eastern outcrop in southern Penns^'lvania. The Cats- 
kill, almost wholly nni shale and red or greenish-gray sandstones, 
appears to Ik* non-fossiliferous; but the Chemung carries its fos- 
sils to practically the top of the Montrose shales. The condition 
is unquestionably the same in northern Virginia. Near the Ten- 
nessee lK>nler, the equivalent of the Montrose sandstone has 
Chemung fossils: at New River gap, Chemung fossils were not 
found in the up|x?r half of the interval between the Lackatcaxen 
and the Pocono; in McAfee s gap in Roanoke county, proof is 
shown that Spiri/im dUJnnvtti survived all changes to the end 
of the Cati*kill: while at eight or ten miles southeast in Catawba 
mountain, the whole succession of red greenish-gray sandstones 
seems to \w aljsolutel}' n<m-fossiliferous; and this is the prevailing 
condition thence northwanl. It is evident, then, that fn)m, say. 
twenty-five milt»s southwest of Jameii river in Virginia to New 
York, the group called Catskill by Vanuxem is either non-fos- 
siliferous or pnictically so. But the Chemung group contains its 
characteristic species alH)ve the LtnLairajcin conglomerate in Vir- 
ginia and along the eastern outcrop into Montour count}' of Penn- 
sylvania; so also in southern Pennsylvania* westwanl to where it 
passes iHMieath the surface l)eyond the final disappearance of 
Catskill ill Favette and Westmoreland counties; while in north- 
western Peiuisylvania and along the northern line of the state, 
(/hemung forms aiv pi-esent in the same upper horizon from the 
Ohio line ea.stwanl into Bradford count v. In New York on the 
northwest iKinler of the Catskills themselves, Chemung fossils 
occur abundantiv al)ove the ()ntH)ntat sandstone which Vanuxem 
i<lentifi4*<l with the Montrose sandstone of Pennsvlvania. 



♦in my n*i)ort on the Goologj' of Bedford and Fulton counties, p. 81, 
I identified the consrlomerate of the Laurel and Chestnut ridge gaps 
with the Ix)wer (AlUgrippns) couglomerate. The error was iliscovered 
too late for correction. 

tJames Hall in .sViV/i<-^ 1880, p. 21)0. 
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A remarkable feature of the Chemung is the non-fosBiliferouH 
area of southeastern New York and the adjacent portion of 
Pennsylvania, northward from Huntingdon county, of Penn- 
sylvania, the uppi>r limit of the Chemung fauna descends; 
in Columbia county the upper half of the Montrose red shales 
yields no fossils, while in Carbon count}', no fossils were found 
until practically below the place of the AJIvyrippus conglomerate: 
and, even in these lowest l)eds, fossils an^ rare and usually not 
well preser\'e<l. No molluscan fossils were found by Prof. White 
in the Delaware* river section until considerably below the place of 
the AUegrippnti, whence downward * *the whole series is sparingly 
fossiliferous. *** Kven remains of fishes are wanting aside from 
**the occasional appeamnce of what ap[)ear to Ik? fish-lx)ne frag- 
ments in calcareous breccias." A similar condition is observed 
as one comes eastward along the border of Pennsylvania iind 
New York; Chemung fossils reach the top of the group at the 
western loonier and in McKean county; but in Tioga county the 
l>arren space at the top of the column is 1(>5 feet: in Bradford, 
800 feet, in Wayne, 1,170 and in Pike. 2,(550 fei»t, in each case 
inclusive of the Catskill, which, however, does not ex(»<»e<l .'»i)0 
feet even in Pike countv. 

The an»a in which the lifeless |)ortion of the column reaches 
much Ih»Iow the horizon of the Lackawa.ren c*onglomerate, em- 
bracing parts of Carl>on. Monroe, Pike and Wayne counties of 
Pennsylvania, and of Sullivan, Delaware, and (rreene counties of 
New York, contains rather more than 4,000 s<|uan' miles, while 
the whole area under consideration is more than 150,000 s<[uare 
miles. To explain the absence of life is not easy; it cannot l»e 
due merely to an agent which caused the retlness or greenness of 
the beds, for, in Huntingdon and Fulton counties of Pennsyl- 
vania, the Montn)se shales have many fossiliferous l)e<is though 
having also many green and red be<ls. JJesides, the Delaware 
section shows a great thickness of beils of other colors, which 
are equally without animal remains. It cannot Iw due to chemi- 
cal conditions existing in a closed sea, for the successive subdi- 
visions of lK>th (^atskill and (^hemung can l)e trailed directly into 
the lifeless area ecpially fn>m the o|x»n sea at the wt»8t and along 
the Appalachian shore fnnn the south, thus showing that no closed 
sea existe<i in that area. Kven plant remains are rare. IjiMUg 

♦G<»ology of Susquehanna Hiver region, pp. 103 and lOT). 
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T)r>^r^ !.'• lirrl*» p^nn to «iipf^/«N^ fr -a: 'iir- •-i.<i*tt^4i La wiuHi ibf- 

That from r.h#- Yrf^nnln'X *ft ^^L-^i^nT • . :!i^ nsri '-f rAi.*adIL eren 
«liirin$ir til*- formation of itnf- r»»r:^lfr-r*-;^ •■•►m* r^tffe. tilB^ Apfia- 
la<^hian \p\\t wa'* '♦hallow *-T»rr7wb»-Tv iNir.a:! ih«r LaUtt Umr. 
when !4nf)HHl«*nr*e *l'ul iitti*' iii»>rp tiiaa :•• i»^* pcM^ with tbe inllov 
of :^fliment. th** ar^a n»-an=>t r«» ta»- r»-^ioa •*' zmu dimioAge. 
wh*»m'e larjjp Htrf^m.'^ with rx\>\A &*w |«*i3r(-ti their mareri:^ into 
rh«' i^hallow ^NiHin. wonUl <*lto>w mfi«i*iy *t«>c:*>ai> axi>i mQ«i*i«. morv 
or 1«*HM hrar'kinh wat*-r. whK-h w«Kii<i **- unfari>rabitr to animal 
life of (*h#»mfinjr typ^^. A.-* th»» Aj^iaui* hiaa lan«i V«^^iiie nar- 
rr>wer ««r>fithwarrl. th«* iintowani <.t>Q«iiii«»Q.'« :in* L4e!M» marke«i in that 
'lirection. Within the (ir>rtion of lh»- an-a lying within isoath- 
♦•aj»tem >Vw Vr>rk an«! the immtftliately a«lja«>-nt |ii>rtft»Q of Penn- 
»ylvania. ihewe fon<iition> may hav»- \m^n *«-ismn a;* eariy a:? the 
Hamilton. i\^ HUgjjer*te«l l»y Prr>f Hall ^ 

The monnH<*an fanna of the Chemuu:! an* I rats^kill U uniaes^ 
tioriahlv marine. Kven the molln>k^ f«»iHi«l in New York aliove 
the'Onecmta ?*an<Utone Jielonjf t«> the itnUnari form> Of coanie 
it i.H {Kmnihle. even j>n»ljahle. that at the extreme n<»rtheast there 
were nmall area« at the moath> of lar^e riwr*. where fr%^h water 
prevaileil ami fresh water mollu.>k^ liv»il. l»ii: jn>*itive evi«leoce of 
thin \s wanting. The Aut/f/n'fj*-uift f«»un«l in the i lne«»nta >an<L>t«meof 
New York mav 1 je a freshwater form. *»«it it «nfur>in the M<»ntnM^ 
Hsinflstone in sijuthem Penn>y!vania '^» far away fn.>m the ohl 
shore line that fn*»hwater comlition** -^eem. eertainly. impn»bahle. 

The Htrati^raphical relation?* of the ti^ht*^ luive U*en senerally 
niisuiuler8t<K>(l. The fishes exi>t for the m*>>t |>art not in the 
Catskill but midway in the Chemuiu:. the tn4e*»rate«l //'»/#*y»/yfAi#t# 
Herl. is the sei*on(i ore IhhI of the •*Man'»tieM ReiU, ' amHielongH 
at Uut a little way al)ove the Alh,jrif»i»f» e«>nirlomerate. the Falls 
(Vi*ek san<lstr)ne of Hnulfonl countv. It ha> vieldetl lanre num- 

B • V 

U'rs of fish remains at sevenil I^Hniliti**^ an«l it <^»ntains marine 
ff>s*»ils. t Th<* ri,rro*t»njt U'^l of Warreu i^nintv is taken hv Pn>f. 



^Sfithr/ IHSO, p. 21M». Prcjf. H. S. William-^ make?* the same suggestion 
in Bulletin I . S. i'l. S. No. 41, hut I have mi'*lai<l the referenced. 

■♦^SherwtKMl in Itei»ort on Bradfonl an«l Tio..:a. pp. r»:*, 60, 79. SO. 



White U) be the same with the first Venango sand (A</r/.-</*/v/.rf« 
conglomerate). Wherever the fishes are associated with anyotlier 
form of animal life, that fonn is marine, so that the onlinarv 
presumption should be that the fishes themselves are marine. 

A studv of the fauna and its distribution shows us that, as far 
as any evidence exists, the conditions were marine from the be- 
ginning of the Chemung period to the close of the Catskill; that 
in tlie early (Uiemung. or i>ossi])ly in the Hamilton, the conditions 
within northeast Pennsylvania and the adjacent portion of New 
York l)ecame unfavorable to the free development of animal life; 
and that as time went on. these conditions wen^ gradually ex- 
tended southward and westwanl. so that, toward the close of the 
Chemung, they prevailed in (\)lumbia county, fifty miles south- 
e4ist from the Delaware river and in Bradford county, about the 
same distance west from the outcrop line. Before the close of the 
Catskill they had reached southward Iwyond James river in Vir- 
ginia, but had not extended mucli further west in Pennsylvania 
and New York. But, though prevented frf>m existing in the 
mmldy shallows, the animals existed further west tn the basin, 
l)eyond reach of the river silts, so that just as s<x)n as an oppor- 
tunity was afforded V)v ap lull in the untoward conditions, the 
active fishes found their way eastward again, to l)e followed, if 
the inter\'al were long enough, by the more sluggish mollusks as 
in New York and in Roanoke and Uus.sell counties of Virginia. 

One matter still remains — a few wonis concerning it. and I have 
done. 

What are the relations of this great (Uiemung-C^atskill group to 
the Lower (\irlKmiferous? 

The Pocono or VesjK»rtine or I-iower Carljoniferous sandstone, 
the lower divisicm of the Lower Carlwiiiferous. is practically non- 
fossiliferous throughout centnd and southern Pennsylvania, the 
only animal remains thus far discovered being those of mollusks, 
S4HM1 by Pn)f. White* in Bedfonl county, ]*ennsylvania, and those 
of fislu^s scHMi by Pn)f. Stevensont in Fayette county : but these 
have not Ijeen studied antl tlieir relations an» still unknown. The 
up|)er IkmIs of the Pocono In^come calcareous in southwest Vir- 
ginia when* the mollusks are untpiestionably Jjower CarlH)niferous. 
The plant remains, obtaintMl in Pennsylvania, are for the most 

*<Teology of Huntingdon County, p. 81. 
"HIeology of IJgODier Valley, p. 57. 
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part imperfect, hut an abuiulaiit flora exists near New river in 
Virginia, which has l»een collected by Mr. R. 1>. Lacoe. It has 
not l)i»en studied in detail, but enough has biHMi ascertaine<1 to 
show tliat its facies is Devonian rather than (^irlK)niferous. * The 
h>wer Pocono in I'enns^'lvania. containing thin coal beds, may 
prove to 1h» the same with the series near New river, which 
disappeai*s altogether l)efore tin* state line is reachwl at the 

south, t 

The niolluscan fauna of the Chemung shows no intimate rela- 
tion t4> that of the liower (\irlH)niferous. True, not a few Car- 
lK>nifei-ous genera characterize the Chemung, but in like manner 
some Devonian genera characterize the Upper Silurian. The 
plant remains of the (^hemung show somewhat greater affinity ti> 
the (^irljonifennis, but there is not enough of the material to jus- 
tify i>ositive conclusions in any direction: at the same time these 
plants are closely allied to the Krian flora of Canada, occupying 
a somewhat similar (iosition in the general column. 

The physical break between Pocono and (^itskill seems to be 
sufficiently well marked at most localities along the eastern out- 
cnip. as well as along the southern l^order of Pennsylvania; so 
that where lN>cono and Chemung go beneath the surface they an» 
sharply separated. The Pocono goes under in Fayette and We^t- 
mori^huul counties of Pennsylvania, as a sandstone containing 
very little shal<»: but when it reappeai*s in northwestern Pennsyl- 
vania, in Crawfoni county, it is sandstone on top with much shale 
l)elow. so that the separation from the underlying (Miemung is by 
no means so distinct. Prof. White, in making his correlations 
with Ohio, foun<l difficulty in determining the wpiivalents of the 
Cleveland and Hedfonl shales of that state, which were regarde<l 
then as belonging t4» the Waverly or Lower Carlniniferous. But 
Pn>f. Kdward Orton, several years ago, found it necessary to 
place the (Meveland shales in the Devonian: and still more re - 
centlv. Prof. Herrick's detailed studies have shown that the Bed- 
ford shales carry the (Miemung fauna, as was suggested many 
years ago by Pn)f. Hall. But Ix^vond all doubt, the lower i>or- 

♦J. P. Tjesley in A Dictionary of Fossils Found in Pennsylvania and 
eUewhere. A ol. 111. Addenda, j>. xiii. 

tit is worth Dotin|<: here that, during the study of Wavne and Susque- 
hanna counties, Prof. White placed the upper limit of Catskill nearly 
400 feet hijcher in the column than he did in his later puhli<'ations. It is 
not at all improlmble that his original plane of division may prove to be 
tht* proper one for the whok' eastern outcrop to beyond \ew river. 



tion of the Pocono in Crawford county allows an unexpected re- 
lation to the Devonian,* for at about 200 fe<^t l>eIow tlie Shenango 
sandstone, there is a pei*sistent limestone, whicli, tliough non- 
fossiliferous in Crawford, carries many fossils in Warren and 
Venango counties. It is found also in McKean. The fossils 
from Warren and Venango have not l>een studied, but Prof. 
White says that one of the spirifers suggests S. disjunvtn. 
(^hemung forms (K'cur at the base of the Corry sandstone, which 
Prof. White thought to be the e<|uivalent of the Hereagritof Ohio. 
In McKean county! Prof. Ilicks found (Miemung forms passing 
up into the Mauch (Miunk or up|K»r division of the Lower Car- 
lK)niferous and ass(K'iate<l then» as well as in lower IkhIs with 
•'Waverly forms", seven Chemung sf>ecic^ having bcH»n found 
with seven determintnl and eleven undetermininl species, regarded 
by him as of * 'Waverly type." ]*n>f. H. S. WilliamsJ has shown, 
in his discussion of the fossil faunas of the Tapper ]>evonian, that, 
at some localitit»s in southwestern New York and northw(*stern 
Pennsylvania, species belonging to the Chemung fauna lingereii 
even into the shales underlying the 01e4in conglomerate, which is 
the floor of the Vox\\ Measures. It is sutticiently clear that, while 
the passage from Devonian to (^irlK)niferous along the eastern 
outcrop and for nmny miles west and northwest from it. was 
marked by great physical changes, no serious disturbance oc- 
curre<l in the region of northwestern Pennsylvania and the a<l- 
joining i)ortions of New York an<l Ohio, when* the passage was 
so gradual as to permit the (Miemung fauna to overlap that of the 
j/ower (^irlK)nifen>us. But the fact that, at some locality or in 

ft 

even a somewhat considerable areii, the passage fn)m Chemung to 
Carboniferous is not mark(Mi by abrupt change in sedimentation 
and by a sharp limitation of faunas is not a g(M>d reason for em- 
bracing Chemung in (^4rlK)niferous. Other iK>rtions of the Ap- 
palachian region might be selecte<l which would atford material 
for very ditfen»nt generalizations. 

If local continuity of se<li mentation is to 1h' accepted as of 
itself a goo<l basis for grouping rocks into ages, one woukl Ik* 
compelleil, within a considerable area of Virginia, to include in 

•<}eology of Crawford and Erie counties, p. 88. 

tL. £. Hicks ia lieport on Geology of 31cKean (*ouQty, etc. pp. 80-;M . 

JH. 8. Williams; Bulletin of the United States Geological Survey, No. 
41. Chapter iv. 



one age all rocks from the ITiiclsoii Uiver shales to the top of the 
Pooono, for there one finds no interrnption, except a streak of 
Ix)wer Hel(lerl)erg, so thin that only one observer* has seen it in 
place, thonjjh others have seen fm^ments of chert suggesting the 
presence of that group. Nor is the fact that there are localities 
where the [)assage is not abrupt, is not marked by destruction of 
the fauna, necessarily a good reason for joining two consecutive 
groups. On such a basis one would have no tUHlculty in carr3'ing 
the ('ar)M)nifen)Us downward so as to include the Lower Silurian, 
or upward to include the Pliocene. Thus in northwestern Penn- 
sylvania, (Miemung fauna lingered into the Lower Carboniferous; 
in soutii central Pennsvlvania and Marvland, Oriskanv and Lower 
llelderberg fossils are mingled together in a transition bed.t 
Onlinarily the break between Lower and I'pper Silurian is well 
marked, but in .southern Pennsylvania,! the Hudson river foruis 
occur sparingly in the lower Medina, while in southwest Virginia^ 
Hudson Uiver fossils occur abundantlv to within a few feet of the 
upper Medina: so that even on the tnusterly side of the Appa- 
lachian btusin it would be easy to prove no break between 
Lower an<l Tpper Silurian, l^pper Silurian and Devonian, De- 
vonian and Lower Carboniferous, Lower and Upper Carlx)n- 
ifen)us. Dr. C. A. White|| luus told us how the line between 
Pahi?ozoic and Mesozoic tlisappeai>4 in the southwest, while 
to not a few of us the gradual sluidiug away of Mesozoic 
into Ceno/oic brought a sufticiency of burdens in the past. 
(Jeneral, not circumscribed, conditions must l>e taken as the 
iMisis of sulMlivision of the column. The separation between 
Lower (%irlM)niferous and the Up|>er Devonian is too well marked, 
pliysically as well as paljeontologically, over an immense are4i to 
Im» ignore<l for any but the most cogent reasons. 

But may not the Catskill as well as .some portion of the 
Chemung Ih» contem[M)ran(»ous with the lower beds of the Lower 
(\irlM)niferous of Ohio? Prof. Hemck^l luus shown that the base 
of the liower CarlK)niferous there cannot come l>elow the Berea 



♦(■apt. C. H. Boyd, in ]>er8onal comniuDicatlon. 

tOeolojry of Bedford an<l Fulton Counties, p. 8<). 

Jl/oc. cit. p. 92. 

^Stevenson; pro<*. Amer. Phil. Soc. Vol. xxir, p. 138,*xxrv p. 85. 

Address as Vice President before Section E of A. A. A. S. 1889. 

•"C. I.,. Herrick; Bulletin Oeoloirical Society of America, Vol. ii, p. 34 
et seq. 



l^rit. He h^.s shown alno how iiitimutely related the Bedford 
i!ihale is to the iiiiderlyhig Clevehiiid-Erie shale, and that forms of 
Lower Carboniferous type made their appearance only toward the 
dose of the former, so that there the faunas overlap as in north- 
western Pennsylvania. It is possible that when the detailed re- 
vision of the Devonian column has been carried across from 
eastern New York bv Prof. II. S. Williams into Ohio, the l)eds 
of the Catskill will be found interlocking: with beds of other 
tints, which in Ohio become the Bedford and Cleveland shales. 
If we bear in mind these facts: 

First ^ that the Chemung and Catskill deposits were laid down 
in a shallow basin subsiding most rapidly at the east and along a 
line rudely parallel to the Blue ridge trend. 

Si-rondly, that the deiK)sits would be much greater near the 
juain land at the east than at 20(1 miles away; so that (»()(l feet 
more or less of fine material in Ohio would more than fairlv 
represent the 4.000 feet, more or less, of (^hemung in eastern 
l*ennsylvania. And 

Thirdly^ that the water beyond the reach of the great land 
wash held a Chemung fauna throughout the wlnile time of Cats- 
kill deposit — there will be no serious ilitticulty in the way of ac- 
cepting this suggestion. 

The conclusions to which I am led are 

Flrat. That the series from the beginninjj: of the l^ortaire to 
the end of the Catskill, forms but one period, the Chemung, 
which should be divided into three epochs, the Portage, the 
Chemung and the Catskill. 

Swomlly. That the deposits of the Catskill epoch were not 
made in a closed sea or in freshwater lakes. 

Tliirdlif. That the disappearance of animal life over so great 
part of the area toward the close of the period, was due to gradual 
•extension of conditions exist in jj in southea.stern New York as 
^arly. perhaps, as the Hamilton period. 

Fouvthhf. That the Chemung period shouUl be r€»tained in the 
Devcmian. 
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PRINCIPLES AND METHODS OF GEOLOGIC COR- 
RELATION BY MEANS OF FOSSIL PLANTS* 

By Lester F. Ward, Washington, D. C. 

In all work on geologic correlation, whether l\v means of fossils 
or of stnitigraphy, the modern doctrine of homotaxis shonld, I 
think, iHsearefnlly kept in mind, as it is now well recognized that 
i<lentical forms do not necessarily indicate indentity of age. 

In the eighth chapter of his well known work on Paleontology, 
M. Pictet lays down the following general principle: '*Contc»m- 
poraneons deposits, or those formed at the same e[)och, contain 
identical fossils. Conversely: de}X)sits which contain identical 
fossils are contemporaneons. "t 

Schimper, in his Vegetable Paleontology accepts this state- 
ment and adapts it to plants in the following form: ''Contemjx)- 
nineons dei)osits, or those formed at the same epoch, contain 
floras, if not completely identical, at least homologous, and con- 
se<|nenth* deposits that contain identical or homologous floras are 
contemporaneous. "+ 

Nine years after the appearance of the second edition of Pic- 
tets work, alK)ve'(iuoted, and seven years before that of Schim- 
pers first volume, viz.. on the 21st of FeV)ruarv. 18(>2j professor 
Huxley, in his annual address as president of the Geological 
Society of London, gave utterance to sentiments widely at vari- 
ance with these, but the soundness of which has been more and 
mon» clearly felt with each addition to geological knowledge. 
Although in this address Prof. Huxley <lid not cite the al)Ove 
propositions of l^ictet. and contented himself with making a much 
milder statement of the pt>sition of paleontologists, he took up 
the (juestion of the assumed contemporaneity of the deposits con- 
taining identical fossils an<l apn>|)os thereof expressed himself in 
the following language: -Succession implies time; the lower 
members of a series of sedinu»nttiry r<K*ks are certainly older than 

♦Read before the Qeoloj^ical Section of the American Associatiou for 
the Advancement of Science, Washington meeting, August 21, 1891. 

+I^es terrains contemporains ou formes A la niOme C'poque renferment 
des fossiles identi(iues. IV^ciproquement; les terrains qui eontienent 
des fossiles identiciues sont contemporains." TraitC' de PaK'ontohigle, etc., 
l)ar F. .1. Pictet, 2d ed., Vol. I, Paris, 1853, ]). 100. 

J^'lios terrains contemporains ou form<'*8 A la mOme epoque renferment 
des flores, sinon compR'tement Identiques, du moins homologues, et par 
c(»n8CMiuent: Les terrains (|ui renferment des tlores identicjues ou homo- 
loir»H*s sont contemporains." Traits* de PaK'ontologie V^g<''tale, etc.; par 
\\. Ph. Schimper. Vol. I, Paris, 1809, p. lOO. 
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the npj>er; und wheutlu» notion of age was onee introduced lus the 
e<iuivalent of Huceession, it was no wonder that correspondence 
in succession wime to In* l<K)ked v\\yoii as correspondence in 
age. or contemporaneity; and, indeed, so long as relative age 
only is s|)oken of. corresj>ondence in succession ix correspondence 
in age; it is relative contemporaneity. 

But it would have l>een much better for geology if so loose and 
ambiguous a word as "contemporaneous" had been excluded from 
her terminology, and if, in its stead, some term expressing simi- 
larity of serial relation, and excluding the notion of time alto- 
gether, had been employed to denote correspondence in )x>sition 
in two or more series of strata. 

In anatomy, where such correspondence of position has con- 
stantly to Vh» spoken of. it isdenoteil by the word '^homology" and 
its derivatives: and for geology (which after all is only the anat- 
omy and physiology of the earth) it might l>e well to invent some 
single wonl. such :is, '^homotaxis" (similarity of order), in order 
to express an essentially similar idea." 

The term ••homotaxis", thus introduced into giH)logic terminol- 
ogy, has l)een widely accepted, and is now in constant use. even 
by those who have not taken the trouble to imjuire how it origi- 
nated. The geologist considers the stratigraphical and lithologi- 
cal relations and the paleontologist the related organic forms. 
As regards the latter class of workers, they are. I believe, agretnl 
that two deposits should be considered homotactic* when their 
flonis or faunas show a sutticiently large number of identical or 
closely allied spiH*ies, or contain to a consideral)le extent the 
.same ty|)es of life. 

I fully share with Dr. Newberry the view that fossil plants 
may be made of great value in the correlation of geologic strata, 
and also that when properly understood there will remain no con- 
flict Ijetween animal and vegetable fossils. The ditticultv has all 
along been that the science of paleo))otany is in an unsettled ami 
unorganized state, and that correct principles have been wanting 
for the application of paleobotanical data. It is not claimed that the 
science has advanced to the point where its usefulness is at its highest 
stage; it is still as it were in its infancy. Nevertheless a sufficient 
ImxIv of facts now exist to make it a useful aitl to giH>logy. 

♦This 8«*ems the i)rop^r adjective form, anil nut "iioniotaxial" as some 
authors writ** it. 
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found at l)ut few localities: and as a rule the specimens are im- 
perfect, good specimens occurring at only a very few places. 
There is little room to suppose from the condition in which the 
plants are found that alternations of land, fresh and brackish 
water conditions caused the absence of animal life. It is certain 
that from the beginning of Oriskany to the end of Catskill, even 
during the formation of the Corniferous coral reefs, the Appa- 
lachian gulf was shallow everywhere. During the later time, 
when subsidence did little more than to keep pace with the inflow 
of sediment, the area nearest to the region of great drainage, 
whence large streams with rapid flow poured their material into 
the shallow basin, would show muddy bottoms and muddy, more 
or less brackish water, which would ]»e unfavorable to animal 
life of Chemung types. As the Appalachian land became nar- 
rower southward, the untoward conditions are less marked in that 
direction. Within the portion of the area lying within south- 
eastern New York and the immediatelv adjacent portion of Penn- 
sylvania, these conditions may have ]>een begun as earh' as the 
Hamilton, as suggested by Prof. Hall.* 

The molluscan fauna of the Chemung and Catskill is unques- 
tionably marine. Even the mollusks found in New York alx>ve 
theOneonta sandstone belontr to the ordinarv forms. Of course 
it is possible, even probable, that at the extreme northeast there 
were small areas at the mouths of largi' rivers, where fresh water 
l)revailed and fresh water molhisks lived, but i)Ositive evidence of 
this is wanting. The Aniithvjvnut found in the Oneonta sandstone of 
New York niav be a freshwater form. i>ut it occurs in the Montrose 
.sandstone in southern Pennsvlvania so far awav from the old 
shore line that freshwater conditions seem, certainly, improbable. 

The stratigraphical relations of the tishes have been generally 
misunderstood. The fishes exist for the most part not in the 
(^itskill but midway in the (-hemung. the celebrated Holoptychins 
Bed, is the second ore bed of the ''Mansfield Keds,*' and belongs 
at but a little way above the Aih(/n)tj)tts conglomenite, the Falls 
Creek sandstone of Bradford county. It has yielded large mim-, 
bers of fish remains at several localities and it contains marine 
fossils, t The Corcosfnis bed of ^Varre^ county is taken by Prof. 

^'Sciffice 1880, p. 290. Prof. II. S. Williams makes the same suggestion 
in Bulletin l'. S. G. S. Xo. 41, but 1 have mislaid the references. 

tSherwood in lieport on Bradford and Tioga, pp. 03, 65, 79, 80. 



White to be the same with the fii*st Venango sand (^Lacfcaica.reH 
conglomerate). Wherever the fishes are associated with any other 
form of animal life, that fonn is marine, so that the ordinary 
presnmption should be that the fishes themselves are marine. 

A studv of the fauna and its distribution shows us that, as far 
as any evidence exists, the conditions were marine from the be- 
ginning of the Chemung period to the close of the Catskill; that 
in the early Chemung, or i>ossibly in the Hamilton, the conditions 
within northeiust Pennsylvania and the adjacent portion of New 
York became unfavorable to the free development of animal life; 
and that lus time went on, these conditions were gradually ex- 
tended southward and westward, so that, toward the close of the 
Chemung, they prevailed in Columbia count}', flft}' miles south- 
e^iflt from the Delaware river and in Bradford countv. alwut the 
same distance west from the outci-op line. Before the close of the 
C^atskill they had reached southward l^eyond James river in Mr- 
ginia, but had not extended much further west in Fenn,sylvania 
and New York. But, though prevented from existing in the 
muddy shallows, the animals existed further west fn the basin, 
be^'ond reach of the river silts, so that just as 8(X)n as an oppor- 
tunitv was afforded bv a. lull in the untoward conditions, the 
active fishes found their way ea.stward again, to l)e followed, if 
the interval were long enough. l)y the mort» sluggish mollusks as 
in New York and in Roanoke and Rus.sell counties of Virginia. 

One matter still i-eniains — a few words concerning it, and I have 
done. 

What are the relations of this great Chemung-Catskill group to 
the I^wer (/arl)oniferous? 

The Pocono or Vesjjertine or Lower Carl>oniferous sandstone, 
the lower division of the Lower Carl)onifen)us, is practically non- 
fossiliferous throughout centnd and southern Pennsylvania, the 
only animal remains thus far discovered being those of mollusks. 
s<»en by Pn)f. White* in Bedford county, Pennsylvania, and those 
of fishes seen by Prof. Stevensont in Fa3'ette county: but these 
have not been studied and their relations are still unknown. The 
upper l>cds of the Pocono lH»come calcareous in southwest Vir- 
ginia where the mollusks are un(piestionabl3' Ijower Carlxmiferous. 
The plant remains, obtained! in Pennsylvania, are for the most 

♦Geology of Huntingdon County, p. 81. 
"Kteology of Ligonier Valley, p. 57. 
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part imperfect, but an abundaut flora exists near New river in 
Virginia, which has been collected b}' Mr. 11. I>. Lacoe. It has 
not l}een studied in detail, but enough has been ascertained to 
show that its facies is Devonian rather than Car]K)nifeix>us. * The 
lower Pocono in Pennsylvania, containing thin coal beds, ma3' 
prove to l»e the same with the series near New river, which 
disappeai*s altogether before the state line is reached at the 

south, t 

The molhiscan fauna of the Chemung shows no intimate rela- 
tion to that of tlie Lower Carlioniferous. True, not a few Car- 
boniferous genera characterize the Chemung, but in lii^e manner 
some Devonian genera characterize the Tapper Silurian. The 
plant remains of the Chemung show somewhat greater affinity to 
the Carb<^)niferous, but there is not en<mgh of the material to jus- 
tify positive conclusions in any direction; at the same time these 
plants are closely allied to the Erian flora of Canada, occupying 
a somewhat similar position in the general column. 

The physical break between Vocono and Catskill seems to be 
sufficientlv well marked at most localities alono; the eastern out- 
crop, as well as along the southern lK)rder of Peimsylvania; so 
that where Pocono and Chemung go beneath the surface they are 
sharply separated. The Pocono goes under in Fayette and West- 
moreland counties of Pennsylvania, as a sandstone containing 
very little shale; but wlieu it reappears in northwestern Pennsyl- 
vania, in Crawford county, it is sandstone on top with much shale 
below, so that the separation from the underlying (Mieniung is by 
no means so distinct. Prof. White, in making his correlations 
with Ohio, found difficulty in determining the e([uivalents of the 
Cleveland and Bedford shales of that state, which were regarde<l 
then as belonging to the Waverly or Lower Carboniferous. But 
Prof. Edward Orton. several yeai*s ago, found it necessary to 
place the Cleveland shales in the Devonian; and still more re - 
centlv. Prof. Herrick's detailed studies have shown that the Bed- 
ford shales carry the Chemung fauna, as was suggested many 
years ago by Prof. Hall. But beyond all doubt, the lower por- 

*J. P. Lesley in A Dictionary of Fossils Found in Peimsylvania and 
elsewhere. Vol. IlL Addenda, p. xiii. 

tit is worth noting here that, during the study of Wayne and Susque- 
hanna counties, Prof. White placed the ui>per limit of Catskill nearly 
400 feet higher in the column than he did in liis later publications. It is 
not at all improbable that his original plane of division may prove to be 
the proper one for the whole eastern outcrop to beyond New river. 
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tion of tlio Pocono in Crawford county allows an unexpected re- 
lation to the Devonian,* for at about 200 feet l>elowtlie Shenango 
sandstone, there is a pei'sistent limestone, which, though non- 
fossiliferous in Crawford, carries many fossils in Warren and 
Venango counties. It is found also in McKean. The fossils 
from Warren and A'einmgo have not 1>een studied, but Prof. 
WhitA* says that one of the spirifers suggests S. ilUjunctu. 
(•hemung forms occur at the base of the (Vjrry sandstone, which 
Prof. White thought to be the e<iuivalent of the Bereagritof Ohio. 
In McKean county! Prof. Hicks found (Miemung forms passing 
up into the Mauch Chunk or upper division of the Lower Car- 
boniferous and associated there as well as in lower l)e<ls with 
"Waverl}' forms", seven (^hemung species having lK»en found 
with seven determinwl and eleven undetermincnl species, regarded 
by him as of '^Waverly type." Prof. H. S. WilliamsJ has shown, 
in his discussion of the fossil faunas of the Upper Devonian, that, 
at some localities in southwestern New York and northwestern 
Pennsylvania, si>ecies belonging to the Chemung fauna lingereti 
even into the shales underlying the Olean conglomerate, which is 
the floor of the Coal Measures. It is sufficiently clear that, while 
the passage from Devonian to Carlniniferous along the east<*rn 
outcn)p and for many miles west and northwest from it. was 
marked by great physical changes, no serious <listurbance oc- 
curnnl in the reodon of northwestern Pennsvlvania and the ad- 
joining portions of New York and Ohio, where the passage was 
so gradual as to permit the (Uiemung fauna to overlap that of the 
Lower CarlK)nifen>us. But the fact that, at some locality or in 
even a somewhat considerable area, the passage from Chemung to 
Carboniferous is not marke<l by abrupt change in sedimentation 
and by a sharp limitation of faunas is not a good n»ason for em- 
bracing Chemung in (?arlK)niferous. Other portions of the Ap- 
palachian region might be selected which would atfonl material 
for very different generalizations. 

If local continuity of sedimentation is to bi» accepted as of 
itself a goo<! basis for grouping rocks into ages, one would l)e 
compelled, within a considerable area of Virginia, to include in 

"(reology of Crawford and Erie counties, p. 88. 

tL. E. Hicks io Report on Geology of 3lcKean County, etc. pp. 80-31. 

JH. S. Williama; Bulletin of the United States Geological Survey, No. 
41. Chapter iv. 
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i>iu» ajif all i\x?ks fniiii the Hiulson River shales to the top of the 
Ptx^uio. for there one finds no interruption, except a streak of 
Ix>wer HelderU^nr. so thin that only one observer* has si»en it in 
plaot*. thiHiirh others have s(hmi fragments of chert suggesting the 
presenile of that group. Nor is the fact that there are l(X*alities 
when* the passage is not abrupt, is not marked by destruction of 
the fauna, ntn^essarily a good reason for joining two consecutive 
gn>ups. On such a basis one would have no difficulty in carr3'ing 
the CarlMUiiferous downward so as to include the Lower Silurian, 
or upwanl to include the Pliocene. Thus in northwestern Penn- 
sylvania, (Miemung fauna lingereil into the Lower Carbon i fen>us : 
in south central Pennsylvania and Maryland, Oriskanv and Lower 
HelderlK»rg fossils are mingled together in a transition Iwd.t 
Ordinarily the break betwcH»n Lower and Tapper Silurian is well 
marked, but in .southern Pennsylvania, + the Hudson river forms 
occur sparingly in the lower Medina, while in southwest Virginia^ 
Hudson River fossils occur abundantly to within a few feet of the 
upjx^r Medina: so that even on the easterly side of the Appa- 
lachian basin it woidd Ih» easy to prove no break between 
Lower and I'pper Silurian. Tpper Silurian and Devonian, De- 
vonian and Lower Carboniferous, Lower and Upper Carlx)n- 
ifenMis. Dr. (\ A. Whitell has told us how the line between 
Pahvozoic and Mesozoic disappeai*s in the southwest, while 
to not a few of us the gradual shading away of Mesozoic 
into (\Miozoic brought a sulticiency of burdens in the past. 
(Jeneral, not circumscrilxMl, conditions nnist Ik^ taken as the 
bjisis of sulMlivision of the column. The separation between 
liower (^arlM)niferous and the FpiK^r Devonian is too well marked, 
physically as well jis paheontologic^dly, over an immense arcji t4) 
lie ignortnl for any but the most cogent reasons. 

But may not the Catskill jts well as some i>ortion of the 
(Miemung be contemi)orantH)us with the lower beds of the Lower 
(\irlH)niferous of Ohio? Prof. Ilerrick*! has shown that the base 
of the liower CarlH)niferous there cannot come l>elow the Herea 



♦('apt. C U. Boyd, in |>er8onRl cotninuDication. 

t()eolojr>' of Bedford and Fulton Counties, p. W\. 

Jl/oc. cit. p. 92. 

^Stevenson; prw. Amer. I'hil. Sex-. Vol. xxii, p. IHH/xxiv p. K,5. 

A<ldre88 a« Vice President b«»fore Section E of A. A. A. S. 1889. 

•^(\ L. Ht'rrick: Bulletin (teoloiricttl Society of Amerh'a, Vol. ii, p. 34 
et H«»4|. 
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grit. Ife li^H shown also how intimately related the Uedfoixi 
shale is to the underlying Cleveland- Erie shale, and that forms of 
Lower Carboniferous type made their appearance only toward the 
<?lo8e of the former, so that there the faunas overlap as in north- 
western Fenns^ivania. It is possil)le that wiien the detailed re- 
vision of the Devonian column has been carried across from 
eastern New York bv Prof. H. S. Williams into Ohio, the beds 

ft- 

of the Catskill will be found interlocking with beds of other 
tints, which in Ohio become the Bedford and (Meveland shales. 
If we bear in mind these facts: 

Fii'Ht^ that the Chemung and Catskill deposits were laid (h>wn 
in a shallow l>asin subsiding most rapidly at the east and along a 
line rudely parallel to the Blue ridge trend. 

St'i'tmdly. that the deposits would be much greater near the 
main land at the east than at 20(> miles awav; so that (lOO feet 
more or less of fine material in Ohio would more than fairlv 
represent the 4.0(Kj feet, more or less, of (Miemung in <»astern 
Pennsylvania. And 

ThinUy, that the water beyond the reach of the great land 
wash held a Chemung fauna throughout the wlnile time of Cats- 
kill deposit — there will be no serious ditticulty in the way of ac- 
cepting this suggestion. 

The conclusions to which I am led are 

/V/-xr That the series from the beginning of the Portage to 
the end of the Catskill, forms but one period, the Chemung, 
which should be divided into three ej)ochs. the Port^ige. the 
Chemung and the Catskill. 

Setomtltf. That the deposits of the Catskill epoch were not 
made in a closed sea or in freshwater lakes. 

Tlnnllij. That the disappearance of animal life over so great 
part of the area toward the close of the period, was due to gradual 
extension of conditions existing in southea.stern New York as 
<»arly, perhaps, as the Hamilton period. 

Finii'thfy. That the (Miemung period should be retained in the 
J)evonian. 
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PRINCIPLES AND METHODS OF GEOLOGIC COR- 
RELATION BY MEANS OF FOSSIL PLANTS* 

By LestxbF. Wari», Washington, D. C. 

In all work on geologic correlation, whether by means of fossils 
or of stratigraphy, the modern doctrine of homotaxis should, I 
think. Ikn carefully kept in mind, as it is now well recognized that 
identical forms do not neci*ssarilv indicate indentitv of ajre. 

In the eighth chapter of his well known work on Paleontology, 
M. Pictet lays down the following general principle: * 'Contem- 
poraneous dei>osits, or those formed at the same epoch, contain 
identical fossils. Conversely: dei)osits which contain identical 
fossils are contem j>o raucous, "t 

Schira[>er, in his Vegetable PalcH>ntology accepts this state- 
ment and adapts it to plants in the following form: '*Contemix)- 
raneous dej)osit^. or those formed at the same epoch, contain 
flonis. if not completely identical, at least homologous, and con- 
se<pu»ntly deposits that contain i<lentical or homologous floras are 
contem jiora neons. "X 

Nine years after the apiK»araiice of the second edition of Pic- 
tet s work, alxiveVpioted. and seven years before that of Schim- 
pers first volume, viz.. on the 21st of February. 1S(>2, professor 
Huxley, in his annual address as president of the (Geological 
SK'iety of London, gave utterance to sentiments widely at vari- 
ance with these, but the soundness of which has lieen more and 
m<»re clearly felt with each addition to geological knowledge. 
Although in this address Prof. Huxley did not cite the alK>ve 
pnipositions of Pictet. and contented himself with making a much 
milder statement of the jKisition of paleontologists, he took up 
the ciui*stion of the a.ssumed contemiX)raneity of the deposits c<m- 
taining identical fossils and aprojjos thereof expressed himself in 
the following language: •• ^Succession implies time; the lower 
memliers of a series of stHlinientarv r<K*ks are cartninlv older than 

♦Read before the Geolojrical Section of the American Association for 
the Advancement of Science, Washington meeting, August 21, 1891. 

"♦■Les terrains contemporains ou formes A la mOme C'poque renferment 
des fossiles identi(iues. IV-oiprocpiement; les terrains qui eontienent 
des fossiles identicjues sont contemporains." TraiW* de PaK'ontologle, etc., 
par F..I. Pictet, 2d ed., Vol. I, I'aris, 1853, ]>. 100. 

***L«»s terrains contemporains ou fornix's A la mf'me epoque renferment 
des t1(>rjt»8, sinon comph'-tement identi(}ues, du moins homologues, et par 
itmstMiuent: Lps terrains i{\\\ renferment des tlores identiques ou homo- 
loiriu-s soDt contemporains." Trait*' de PaK'onlologie V<'c<'*tale, etc.; par 
W. V\\. Schiniper. Vol. I, Paris, \m\K p. 10<). 
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the upper: aiui when the notion of age was once introduced tus the 
e<juivalent of succession, it was no wonder that corresix)udeuce 
in succession came to 1h» l(x>ked u|)on as correspondence in 
age, or contemi>oraneit3' ; and, indeed, so long as relative age 
only is s|)oken of. corresix)ndence in succession in corresiK)ndence 
in age; it is relative contemporaneity. 

But it would have been much better for geology if so loose and 
ambiguous a word as '^contemporaneous" had been excluded from 
her terminology, and if, in its stt»ad, some term expressing simi- 
larity of serial relation, and excluding the notion of time alto- 
gether, had been employed to denote correspondence in )>osition 
in two or moiv series of strata. 

In anatomy, where such corres|K)ndence of position has con- 
stantly to l)e s)x>ken of, it is denoted by the word '•homology* and 
its <lerivatives; and for geology (which after all is only the anat- 
omy and physiology of the earth) it might be well to invent some 
single word, such as, ''homotaxis" (similarity of order), in order 
to express an es.sentially similar idea." 

The term ••homotaxis", thus introduced into gt»ologic terminol- 
ogy, has l^een widely accepted, and is now in constant use, even 
by those wlio have not Uiken the trouble to inipiire how it origi- 
mited. The geologist considers the stratigraphical and lithologi- 
cal relations and the paleontologist the related organic forms. 
As regards the latter class of workers, they are, 1 believe. agree<l 
that two deposits should be considered homotactic* when their 
floras or faunas show a sufficiently large numlK*r of identical or 
closely allied species, or contain to a considerable extent the 
s:ime tyi)es of life. 

I fullv share with Dr. Newberrv the view that fossil plants 
may be made of great value in the correlation of geologic strata, 
and also that when properly understood there will remain no con- 
flict between animal and vegetable fossils. The difficulty has all 
along betMi that the science of paleolK)tany is in an unsettleci and 
unorganized state, and that comK?t principles have been wanting 
for the application of paleolx)tanical data. It is not claimed that the 
science has advanced to the \io\v\\ where its usefulness is at its highest 
stage; it is still as It wen^ in its infancy. Nevertheless a sufficient 
l)ody of facts now exist to make it a useful aid to geology. 

♦ThiK seems the prop^^r adjective form, an»i not "iioinotaxiar' as Home 
a\ith«»rK writ** it. . 1 
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I i)r<>i>orse. in tliis |>ai>er. to firsl set forth a few principles which. 
jis it stK»ms to me, should govern the study of paleoliotany Jis an 
aid to giH>logic correUition, and tlien to exphiinthe methods which 
I have adopted for their application. 

I. Principlks. 

Bearinji: in mind the law of homotaxis. and not fortretting that 
similar floras may have flourished in difl'erent parts of the world 
at ditferent times, it nevertheless still remains true that the oc- 
curr(»nce of similar floras in ditferent parts of the world, has a 
Btrrmg lK*aring upon the question of the age of the strata in 
which these floras occur. That is to sav. althoucrli these floras 
mav have flourished at different times, the difference l>etween the 
e[X>chs at which they grew cannot be very great, and while an 
exact identity of age cannot he predicated, still it is safe to say 
that de)>osits containing similar floras must have been laid down 
at no great distance apart chronologically si)eaking. 

The great types of vegetation are characteristic of the great 
ejXK'hs in geology, and it is im|>ossihle for types of one e[X)ch to 
occur in another. For example: It frecpiently happens in a region 
which is much broken up that the stratigraphical geologist is 
gn*atly puzzliMl to determine the relative iX)sition of certain rocks. 
The time has gone by when geologists rely implicitly ujM)n the 
a|>i)eanince of the rock in detc»rmining age, and rocks of TarlKui- 
iferous age imiy have so close a resemblance to those of Tertiary 
age* that it is imiH»ssible to distinguish them lithologically. In 
such cases a single characteristic fossil found in place is sufficient 
to st»ttle the (piestion. The fossil may be a mere fragment not 
apecifically «U»terminable. but if its reference to a great type of 
vegetation is. cc»rtain this is as conclusive as if it wen* known to 
wlmt specic»H it belonged. For example, a dicotyledonous leaf 
from a stratum sup|>osed to be Tarl^oniferous, eiuibU»s the paleo- 
tioluiwst to sav with absolute certaintv that such a n»ference is 
imiiossilUe. On the other hand a single scar of Lepidodendron 
or Sigillaria from a <lei>osit supi)osed to ])e Tertiary or Me.sozoic 
is e(|iuilly conclusive. It may be said that such cases are not 
coiQiaon. but I have had in my limited experience a numlK^r of 
instiiuces of precisely this nature where thoroughly competent 
giH»logists were nuicli perplexed, and were st*t right by such a 
aiiiirle fact. 
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The cclobrated case of the beds of Chardonet, departiueiit of 
Hftules.Alpe«, studied by Kliede Beaumont in 1828, and positively 
referred to the Mesozoie, but in which fossil plants of the genera 
Calamites, Sigillaria, and Lepidodendron were identified by 
Brongniart, is one of the l)est illustrations of this principle. 
And although, so young was the science of paleolwtan}' at that 
time, that Bn>ngniart himself was inclined to admit that these 
genera miglit occur in the Mesozoic, still, long liefon* his death 
this was known to be impossible, and no paleolx>taifist would now 
hesitate hi a similar case to tell the geologist that he had cer- 
tainly ma<le a mistake in his stratigraphy. 

But in the determination of nearly related strata this is not 
jKwsible, and limited material or single fragmentary specimens 
are not adtHpiate. For such cases in onler to be certain it is 
necessar}' to have a body of facts; in other words a fair series of 
giXKl sj)ecimens i>f fossil plants is retpiired l>efore the paleolnjtan- 
ist ought to attempt to express his opinion with regard to the 
exact age of the deix)sit in which they are found. Most of the 
serious mistakes which have been made, and which have gone far 
to bring the science of paleol)otany into disrepute, have resulte<l 
from neglecting this principle. Purely stmtigraphical gc»ologists 
have no conception of these laws, and a paleol)otanist has to deal 
with them verv much as he would deal with the notions of un- 
scientific persons. They are constantly bringing him mere frag- 
ments and only isolated specimens, not perhaps spi»cifically <le- 
terminable, ami they expect of him that fn>m such material he 
will Ixi able to tell them the exact age to which it l>elongs. This 
is simply imi>ossible, and the paleobotauist who will lia.se (h»finite 
conclusions \\\\o\\ such material is cerUiin to err. 

On the other hand, where such a sutticient ImkIv of facts exists 
paleolK)tany l)ec»omes as conclusive for more nearly n»lateil forma- 
tions VkA for more widely separated ones. As an illustnition of 
this, take the clays of (Jay Head, Massachusetts. There is no 
sjiot more tempting to the stratigraphical gcH)logist in this coun- 
try than Gay Head. Beautifully stratified clavs of varied hues 
marking the dip and always freshly worn, form a precipitous cliff 
visible as a ga\'ly colored object from great distances at s<»a: and 
about the first work that geologists did in America was to attack 
the pn)blem of the age of this clifi'. The records of this work 
date Ijack one hundred years, and the names of the most eminent 



gtHjlojrists of the riiited States have Ijoeii ass<KMated with it. As 
a final outcome of all this stratigraphie work in such an invitins^ 
field, the eoncluHion ha.s l)een at last announced bv Profensor 
Shaler. within the last two vears, that these clavs are of Tertiary 
age (Miocene or Pliocene). Almost simultaneously with this 
authoritative announcement, a young paleolwtanist. Mr. David 
WhiU\ of the Tniteil States (leological Sun'ey, visited this 
spot and s|>ent a summer in obtaining a collection of fossil plants. 
A few fragments had hitherto l>een found, and one or two of 
them had l>een figured in the works of Dr. Hitchcock. But such 
limiteil material was of no value. The s|)eciraens were ol>scure. 
and nothing could l>e concluded from them. Mr. White made 
a large collection of fine specimens of fossil plants. They were 
ship|>ed to Washington, and he has determined them. They are 
found to be nothing more nor less than types of the Amlxjy clays 
of New Jersey, and therefore represent the Cn»taceous. 

This discovery has a wider significance than the mere proof that 
the plant bearing strata at least, of (Jay Head are Cretaceous; it 
also proves that the Amboy clays of New Jersey, after passing 
cnistwanl and reappearing on Long Island stretch still farther in 
that direction, and probably underlie most of the glacial deiK>sits 
of Block Island, the ElizalxHh Islands, Martha's Vineyard, and 
Nantucket. Thus has paleolx)tany, legitimately employed, set at 
rest a (piestion which stratigraphical geology could [)robably never 
have answered. Many other illustrations of this principle might 
l)e given, but this one will suffice for all. 

There is one other principle to be c*onsidered, the ignoring of 
which has hmg lK»en a stumbling block to geology, and to paleo- 
botany as well. It is indeed im)K>ssible to overestimate the ini- 
port4ince of the correct systematic determination of fossil plants. 
The doubts which exist with regard to the true nature of many of 
the vegetable objects found in the earth's stnita, have leil to great 
skepticism on the part of many with reganl to the value of paleo- 
liotany as a science. Botanists in particular, who have had some- 
thing to do with palcH)l)otany, are as a rule much disapiK>inted. 
Accustome<I as they are to having l)efore them the entin* structure 
of the plant, all its parts and organs, not only of vegetation, but 
of n»pro<luction. they have little patience with such fragmentary 
material a.s (*onstitutes the bulk (»f most c(»lle('ti<»nH of fossil 



plantH. Aud geologists are apt to retlect their opinions and to 
join with them in condemning paleobotany. 

There are two answers to all these objections. There is an 
answer to the botanist, and a separate answer to the geologist. 
The answer to the botanist is that, considering the conditions 
under which we find these specimens, there really does exist a 
large amount of information of a somewhat exact and reliable 
kind with regard to the past history of vegetation. Aside from 
the fact that at some points on the earth's surface fossil floras are 
known to exist which almost e(jual in numlier of species the ex- 
isting floras of the same localities, there is the further answer that 
paleobotany teaches us to study more carefully the fragmentary 
remains that we find ; it sharpens our powers of observation upon 
the facts which are in our possession and has added not a little to 
our knowledge of lK>tany proper. For example, it is the habit of 
lx>tanists to figure leaves so carelessly tluit the paleol)otanistis un- 
able to tell the genera to which they l»elong. This is chiefly- due 
to the fact that they ignore, as a rule, the exact nervation of 
leaves, and are content to figure them almost from the stand- 
point of the artist, merely for the sake of the efl'ect. Paleobot- 
an}' has taught the botanists that the nervation of leaves is im- 
portant, and that wherever possible it should be carefully figured. 
We are indebted to fossil plants for the discovery that nervation 
in leaves is of generic rank, whereas form, u[>on which the bot- 
anist chiefly relies, is usualh' only of specific rank. Leaves, 
therefore, which show nervation are not useless in determining 
species, but are valuable, and by them alone genera may in many 
eases be made out with certaintv. 

Still answering the botanist, it may l)e further urged with jus- 
tice, that in the case of nearly all problematical forms as ancient 
as the Cretaceous, it must not be sup|)osed that the genera can be 
determined by comparison with genera of living plants. It is to 
be expected that the genera with which we are dealing in these 
ancient stratii, are extinct, and all that we are called upon to look 
carefully for is evidence of their l>eing relateil to or the ancestors 
of our modern plants. 

The answer to the gefilogist is still more conclusive: in fact he 
has no right to raise any objection whatever. It really makes no 
ditference to him whether the form that the paleol)otanist has 
named, is correctly named or not; this question is one of purely 
biological imi)ortanee, it is one of no geological importance. But 
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that which is of gcH)l<)gie:il importance, is that the form in (jiies- 
tion he distiuctl}* reco«jnize(l, that it be carefully portrayed, and 
that what has been found 1h» characterized in accurate descriptive 
lanj^uage and represented by clear and careful delineation. There 
must Ik? no doubt when the same form is seen again at a different 
locality, as to whether it is really the same form. This is a vital 
|K)int with the geologist. If the form, no matter what it may 
really 1h», is something clear and distinct, which can be recognized 
when seen anywhere, and if it is characteristic of a given horizon 
or locality, it lK?comes to that extent of value in fixing the rela- 
tive age of any other deposit in which it may be found. If only 
found in two localities or at two j)oints on the earth's surface the 
deduction, though not absolute, is legitimate that unless there is 
evidence to the contrary the two localities are of somewhat si mi- 
lar geoh)gic age. Hut if the object be veiy abundant, and char- 
acteristic of some well known group or horizon, then it is that it 
l»ecomes of great importance as a characteristic fossil, independ- 
ently of how much may be known of its true l)otanical nature. 

II. Methods. 

I propose next to indicate the general method which I have 
adoptiMi in the application of these principles to geologic correla- 
tion by the aid of fossil plants. 

In a broad sense this, of course, consists in the comparison of 
similar floras, and the conclusion fmm them of similarity of age; 
but there are many limiting circumstances to \w taken into the 
account. If the localities at which similar floras occur are not 
widely separated geographically, the conclusion of similarity of 
age is more or less reliable. For example, when we find that the 
flora of the Richmond coalfield is very similar to that of the North 
Carolina coalfiehl, the inference that these two coalfields are of 
similar age is wholly legitimate. And even when we find the 
same species, to a considerable extent, in the Triassic of New 
Jersey and in that of Connecticut and Massachusetts as occurring 
in Virginia and North Carolina, the inference cannot 1h» very 
wide of the mark that the strata containing these plants were de- 
posittMl at alK)Ut the .same time from Massachusetts to North Carolina* 

In proportion as these similar floras aiv sejmrated g€»ographi- 
cally the inference of the similarity of age and deposition grows 
weaker, but it will remain strong as long as the two localities are 
on the same continent, or as evidence exists that an unbroken sea 



Geoloffir i\friu-}athni. — Wili'iL 



41 



once stretched all the wiiv from the one to the other, or that sim- 
ilar lakes or estuaries exisU»d in both parts of the continent at 
the same time. Such is the case when we compare the Triassic 
of the eastern states with that of New Mexico, Arizona, and 
Central America, and although the floras of these widely sep- 
arated parts of the American continent are considerably dilTer- 
ent, still it has Ijeen argued by eminent geologists that the oc- 
currence of a large number of identical species, and a similar 
facies in the type of plants indicate the former existence of a 
great Triassic sea of nearly uniform age, from New Mexico to 
Honduras; and not widely different in age from the correspond- 
ing one which extended on the eastern side of the continent from 
Massachusetts to North Carolina. The same principle could be 
applied to many other epochs in geologic history. 

What then is the specific method adopted in comparing floras? 
It may Ik» briefly defined as the preparation of tables of distribu- 
tion and their discussion. As already remarked, the more com- 
plete the flora of an}' group to In? considered is the more accurate 
will l)e the comparison. Therefore the first work to be done is to 
nuike a complete list of all the fossil plants that have been found 
in the given group. This list of species may be primarily re- 
gardeii as wholly unknown geologically. 

If then* are several distinct localities, areius, or basins which 
are suspecteil to be of similar age, the species or forms that occur 
in e:ich of these must first be enumerated sepanitely and compari- 
sons made to ascertain to what extent they are the same or simi- 
lar for the different florules. This is what, in mv Triassic work 1 
have called the Amviicai* lUstrlhution. The numl)er of forms 
common to anv two such areas will indicate the botanical resem- 
>)lance l)etween such two florules. Thus in the Triassic flora of the 
Uniteil States as known at the present time, the following table 
shows the num)»er of species common to twoor more of the basins: 

! Areas 



Areas 


Now J»»ri»ey 

and 

IViiiiftyhaniH. 


Virginia. 


North (?an)lina 


New Mexico 

and 

Arixuna. 


Connecticut Valley 

New Jersey and 

Pennsylvania ... 

Virginia 


5 


5 

1 


10 
20 


1 
•> 

2 


North Carolina 





But as the numl)er of species occurring in the different basins 
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is very ditfereut these figures might lead to an en*onec>iis im- 
pression. Wliat it is desired to learn is the relative pre|)onder- 
ance in an}' florule ^»f species common to other tioniles. This can 
only l)e shown \}\ a table of |)ercentages. For the Triassic basins 
of the United States 1 present this information in the following 
form: 



Basins or Areas. 

Conaecticut Valley 
New Jersey and i 

Pennsylvania. \ 

Virginia 

North Carolina 

^ew Mexico and / 

Ari/.ona. \ 



Occurring in 




Common to and 

.-onie othf r 

banin 

<l 
13 
22 

mm i 



Per cent, in 
other iMttinti. 



72 



;}9 

52 

15 



Considering the well known fact that in almost an>' new local- 
ity for fossil plants, the majority of the forms found will lie new 
to science, the percentages of common species here shown, with 
the exception of the western basin, are large and may fairly be 
taken to pnive actual or approximate contemixiniueity of de- 
l)osition. 

The next steji is to ascertain how many of the species have 
l)een found at other h^calities and horizons. This is what I have 
denominate<l their fortiyn dUtrilmtiou. To show this a table is 
prepared with columns for such ditferent foreign localities, ar- 
ranged in ascending geological order, the lines of which are oc- 
cupied by the species found in the locality to be compareil. The 
«|>ecics that have lx»en already describeil from other localities and 
horizons are then indicattni in the pro|>er column by some char- 
acteristic mark. The range or geologic history of each sjiecies is 
thus recorde<l uix)n the same line on which the species is written. 

Such a (ietailed table of distribution of the species of any 
given group, is exceedingly' simple and elementary ; and in so far 
as it goesre(piires no explanation. But there an» other considera- 
tions to l»e taken into the account. In all the lower forms, consist- 
ing chiefly of cryptogams, cycads, and conifers, two facts an* to 
bi* consi<lered: In the first place it is to 1h» remembered that our 
knowle<lge of the nature of these ancient forms is not sufficient 
for us to pre<Hcate with certainty their generic relationships. They 
are usually extinct forms and are given names accortlingly as ex- 
tinct geneni. In the second place, as all paleontologists now 
know, the ancient f(»nns of life on the gloln* wen* less definite, or 
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as it is expressed in modern scientific language, less completely 
differentiated than the}' are at the present day. The consequence 
is that we are all the time changing from one genus to another, 
and from one family to another as the evidence accumulates. 

Now there is no doubt that the later forms of life, l)oth animal 
and vegetable, have developed from earlier forms, and these 
transition stages in the paleontologic record enforce this truth far 
more strongly than an}- facts in the living faunas and floras of 
the globe. Assuming then that the later floras are derived from 
the earlier ones, it is of the utmost imix)rtance, not only to the 
lx)tanist, but also to the geologist, to trace these ancestral rela- 
tionships of plants, and this can be done with considenible suc- 
cess. Therefore in the preparation of a table of distribution we 
must not confine our attention exclusively to the species which ari» 
found in the group to be compareil. In fact so variable are these 
ancient forms that it would be impossible to do this. It would lie 
very misleading to Ik* guided exclusively 1)}' the names given to 
the species. The forms differ in different localities In* such slight 
divergences that the personal equation of the descril)er would 
vitiate such a calculation. Some would join similar forms from 
different localities, others would separate them as distinct si)ocies, 
and the history of the nomenclature of paleol)Otany is merely a 
reconl of these apparently conflicting determinations, but which 
in reality after all, -merely show that the forms are mon> or less 
closely related, although the}* can never agree in all respects. 

This, therefore, is the difficult part of the preparation of a 
table of distribution, viz. , to select not only the s|>ecies which 
are universally reganled as identical in two or more horizons, but 
also such as are believed to be related to those of the group under 
consideration. There is danger on the one hand of leaving out 
im|)ortant related species, and on the other hand of introducing, 
as related species, those which reall}' have no affinity. Without 
dwelling upon the details of this difficult part of the task, it must 
be assumed that the paleolxitanist, if skilled in his craft, possesses 
that judgment which will enable him to distinguish the tnily re- 
latcni species from those which are only apparently so. To the sixH*ii»s 
then which all admit to occur at more than one horizon or in more 
than one place, and which we will, for the sake of brevity, de- 
nominate itffnfical species, must now W added to those which are 
relate<l to si)eci(»s of the group, and which may 1k» callcil rrfafnl 



«j»r <tU',*il >\nfi:\\.^. But tliis intrcMluces n new element into tlie 
taMe ?>iiic«' it is manifestly im[K>ssible to indicate tbene relation- 
A\\\fy^ by the same means which were us«*<l to indicate identity. 
It i> ni-cessan' to use a s<»parate line for each of these relate<l 
s|>ec-ie>: also to ust* an additional column at the left hand of the 
margin in which to write their names. It is then |)ossible to use 
the same sign for the relate<l s|K*cies as was used for identical 
s|K*ci<*s. and to carry out its jjeoloorical distribution in the col- 
umns as alH)ve d(*scriljed. 

Such a table is useful when one wishes to follow out anv one 
particular species, and to trace its distribution to other localities 
and horizons. But it do<»s not j»:ive a comprehensive view of the 
relationships of the flora in j^eneral: the data which it contains 
re<|uire to Ix? condense<l into more convenient form. 

The first step in such conden.sation should probably Ijc the ar- 
rangement of all the s|M*cics in the a.scending geological order, 
of the formations in which thev also occur. It is instructive in 
such a table to show the indentical and the related species for 
each formation separately; that is to say. all the species together 
which an» found at the lowc*st, next lowest, thinl lowest forma- 
tion, etc., of the entire range of the group. In this way those 
horizons at which the largest number of species occur an* clearly 
brought into view, not only by the numl)er of species which 
tK'cur in them, but also bv the relative nunil»er of those which 
are identical to those which are merelv allied. 

This condensation may Iwi still further generalized )>v the re- 
duction of the list of sp<»cies to the numerical form; that is. by a 
statement of the number occurring at each horizon without 
enumerating the s|KH*ies at length. Just as in the table last men- 
tioned the same sjM'cies will often 1k» several times repeated, so in 
the table now under consideration,* the numljers in the columns 
include such over-lappings. Hitherto we have considere<l the sub- 
jei't only from the geological sUmdpoint. but it is of interest to 
g<H)logv as well as to lM)tany that some classification 1h» made of 
the principal ty|>i»s of vegetation embraced in any flora. As the 
table last described is ver}* short it is possible to introduce some 
huch cla.ssification in it. In discussion the Triassic flora, which has 

♦Thin table appearn in the Bulletin of the Geological Society of America, 
Vol. iii, p. 21*. The larijfcr tables used to illustrate this paper will bo- 
published in my essay on <orrelation, in preparation. 



1kh»ii the biibis of uiy remarks upon the method pursued, I liave 
here shown the number in each horizon respectively, of ferns, 
equiseta, rhizocarps, cycads, and conifers, these being the only 
types represented in the foreign distribution of that flora. 

The method of reasoning with regard to the age of tlu» forma- 
tion from data of this kind, is im)>ortant to be considered. The 
usual way is to prepare only some such extended table as the first 
one described, often without taking account of related species, 
and then to proceed to discuss each species and its l>earings uiM>n 
the age of the group. The data thus considered are only al>so- 
lute, not relative, ami conclusions drawn from them are apt to be 
very misleading. I have frcipiently pointed out that the great 
mistakes of Heer and liescpiereux in placing the American plant - 
bearing strata too high in the geological scale was due to this 
fallacy. These geologists compared the Dakota group flora, the 
Laramie gi*oup flora, and all the higher floras of the Tnited 
States with those of the Miocene of Kurope and of the Tertiary 
of the iM)lar regions. They laid great stress on the fact that 
8|K»cie8 were fouml in these formations which could not be <lis- 
tinguished from American species, or which could scarcely be so 
distinguished. Such an argument is of little value in view of the 
immense magnitude of the Tertiary floras considered. Tlie Ter- 
tiary flora of Kurope embraces elements of antecedent floras, and 
it is so well preserved that the luimber of these pre-Tertiary 
forms, holding over into the Tertiary, is far greater than the 
number of pre-Tertiary forms that have thus far been found in 
lower formations, which have yielded comparatively few plants 
A comparison, therefore, of the American Lanimie group, for 
example, with the European Tertiary alone without considering 
the Kuropean CretaciH)us flora, and without noting this continu- 
ance of Cret4iceous types into Tertiary time, proved to be ex- 
tremely misleading, and resulted in the general impression, which 
still prevails in Kurope. that our Laramie group is of Tertiary 
age. Perceiving this fallacy I was the first, and so far as 1 know, 
am the only one, to attempt an enumeration of the Civtaceous 
^p?cies of fossil plants with a view to their compari.son with tho.se 
of the Laramie gnm|) of tlie United States.* 

The system which I have just described obviates this fallacy. 

*Svnop3i8 of the Flora of the Laramie (Jroup. Sixth Ann. Kept, of 
the I'. S. (ieol. Surv., pp. 44:1-514. 
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In far-t k iDakfr* a omiiaiiv.^ '>f *be forms •ktermiiMil vithtlKKe 
of all tb#r f'/rmatHHi^ in vhscfa anr Mf :t> <pm«s txtnir. In n»- 
^i^^nins; with nr^arrl to it. :hene>ft>re, «>oe is t^^kstantlT cbecked in 
firHk>>i#ltf-nn^ any {lorticiilar horix«>n. hy the facts relating to the 
\tfpf\7jfHs^ \p(A\k %\jff\^ an^l Y!«-lt>w. For example, in tivsating the 
TriaAp»ir' fl«>ra in iIh^ namerical taMe last desacribed. if one*$ atten- 
tion werp r-r>n(]ne<l either to the CMite **r to the Lias. t>ne might 
c-^/nHude that either of these formati«>n> was- near to the one to be 
detennine^l. But <ln>|>ping the eye down thei'olnmnto the Rhetic 
it is oliM*r>efl that a considerably larger |iercentage <»f the same 
s|jefri<*s. Unh identical and related, ••ccur in this. So great was 
this similaritv that Prr>fes9^»r Fontaine ilecided that this must 
repn.»sent the nearest approach in geologic age to the Richmond 
crmlfield. But the »uljse<|nent researches of Stur, with which 
Profensor Fontaine wa>. of course, unaoiuainteil. in the Keuper 
formation of Lunz. in Austria, and in the Keuper floras of 
KurojM' of nearly the same age. especially those of Raibl in 
Carinthia. and of Xeue Welt in Switzerland, have shown that the 
Keu|H'r flora of Kumpe. although much less abundant. ci>ntain$a 
larger numb:*r of American Tria.**>ic forms than does the Rhetic 
flora iii Frauconia. S^»uth Sweden, Brun>wick, etc. So that al- 
though only a verA' few American forms occur at any horizon 
lower than theM-. nevertheless we seem c*ompelle<l to conclude 
that thih rpiM-r K^-uimt horizon oi Lunz. Austria, comes nearer 
to that of th«' AwKfrican plant -Ijea ring Triassic deposits than do€^ 
anv other in the world. 

Now the '|ue«ition may ari>e whether all this really pn»ves any- 
thing. Wliere two flora> as old as the Trias :in<l as widely sepa- 
rati^l an Au*«tna and Virginia are found to agnv so remarkably 
in the foniii* th^-y c^^ntain. is it legitimate to conclude that the age 
of till* one wan the same a> that of the other? (Vrtainlv not. 
And yet. if fa^'ts like this do not pn)ve that then* existeil an 
•'|><x'h on U>th t*id«*s <if the Atlantic, which to all intents and pur- 
l^oM*^ MjMy Ir" n*«ziirde'l as simultan(M>us. then all paloontologic 
data an* without value. The fact to l>e lM)rne in mind is that the 
eorn'lation ir^tablii^hed bv such data is homotactic and not neces- 
sarily ^'hroiiologir*. Reasons may exist why the same ty|H»s may 
hav«' forn*' upon the stage at a later or earlier period at one of 
th«*M' |fM'aliti«*s than at the other. But of the nature of the?e 
retardations or advancements we are without scientific explana- 
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tiou. What wo possess is the geuenil fact that a siinihir flora 
onoe existed in two parts of the world verv widely separated, aud 
until some other facts are discovered which c*omplicate and vitiate 
such a conclusion, it is lx)th safe and useful for the geologist to 
reganl the two deposits as belonging to the same geologic age. 
There are certain limitations within which this must be true, and 
when these limitations are recognized the paleontologist may as 
safelv draw his conclusions as he could Iw^fore the law of homo- 
taxis had been formulated. 



ACE OF THE LIMESTONE STRATA OF DEEP 
CREEK, UTAH, AND THE OCCURRENCE 
OF GOLD IN THE CRYSTALLINE POR- 
TIONS OF THE FORMATION. 

By William P. Rlakk. ShuUf<biirg, Wl?*. 

■ The Di»i»p Creek region, so called, lies along the western Inirder 
of rtah territorv and nearlv southwest of the Great Salt lake. 
It l)onlers ui>on the state of Nevada, and has lately been bn)ught 
into prominence by reason of the development of de|)osits of 
argentiferous lead ores antl of auriferous copper ores. The pre- 
vailing formations are granite and limestone. The limestone is 
largely developed, and forms ranges of hills and mountains of 
considerable extent, trending generally in a northerly and 
southerly direction, parallel with the ranges of Tintic and of the 
southern end of Salt lake. The principal range, known as the 
Ibapah, forms the eastern side of Di?ep Creek valley. Ibapah 
mountain, the highest peak of the range, is said to be the 
highest mountain in Utah: higher even than any of the grand 
mountain masses of the Wahsatch. not excepting Mt. Nel)o. 
Ibapah is flanked on the north by nnissive strata of limestone, 
which in some places, notably at (Jold Ilill, are much uplifted 
and metamorphoseil apparently by intrusions of granitic and 
lK)rphyritic dykes, the alteraticm consisting in loss of color (the 
ordinary grayish-blue color being changed to white), a coarse 
cr\stallization, and the formation of a varietv of silicates, such 
as garnet, tremolite and tourni:iline, es|H*ci;ilIy \wi\v the planes of 
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coulaet with the dvkes. Then* is also more or loss mineralization 
in plaet*s. either in the form of vein-like beds, or in isolateil 
patches an(l )>unches at a considerable distance fmni any crystal- 
line UK'k — but not outside of the crystalline and whitened ix)r- 
tions of the limestone. This last observation applies particularly 
to some of the co[)per ores found in the midst of the limestone 
existing primarily as the variegated sulphuret — erubescite. These 
ore nodules have decomiK)sed and have formed green carbonate of 
cop|>er. which stains the rock for a considerable distance around 
and bi»yond the original nodule, or bunch, of sulphide. In such 
places free gold of high grade may be found by crushing and 
washing the rock. This noble metal occurs also independently 
of any cupriferous mineralization in the midst of uuisses of 
colorless tremolite. in coarse grains and strings in very much the 
same form in which it is found in other regions ramifying through 
(piartz. This is an unusual and uni([ue association of gold. 
It has been found, but rarely, in close jussociation with grt»enish 
black hornblende in veins composed partly of (piartz and partly 
•of dolomite, but never before, to mv knowledge, in white tremo- 
lite. This tremolite carries, also, some small dissemiiuited crys- 
tals of iron pyrites. 

The limestone in which the gohl occurs appeal's to be the Lt>wer 
Carl>oniferou^. or Mountain limestone, as shown bv an abuncUmce 
of fo.ssils, chieriv of the irenus Prodactus. found a shoit distance 
ea.st of (ioUl Hill. 

From the fact that coarse gold in placer deposits has bt»eii 
found at OsciMila and its vicinity, nearly south of the Ibapali 
mountain, it wouhl appear that thei*i» is a gold region extending 
north and south near the Nevada and Ttah line, and that the 
placers were formed during the period of great precipitation or 
rainfall which preceded the present era of grachial dessication 
At the place where gold is now taken from heavy deiK>sitH of 
l»oul<h»rs and gravel, the flow of water is wholly inadetiuate to the 
formation of such deposits. Probal>ly the deposits were forraiKl 
<iuring the great glacial epoch of which there are such magnificent 
records in the Sierra Nevada, and the Wahsatch as well as in the 
ancient beaches of lake Honiu»ville. . A good supply of water, 
<'ven for ordinary purposes, is now one of the greatest needs of 
I he I)tH*p Creek region. 
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EDITORIAL COMMENT. 



ARCIIEAN ERUPTIVE ROOKS OF FINNLANI>. 

Studien it^er ncJuiUrhe Krupticge$teine aus dem nml WHtlieJien Finnlaud. 
Y(m *l. J. Sederholk. (Minendog. utui petrogr. Miith, Xf 1,1891, 

This paper is an interesting and clear statement of the results 
of detailed geologicai and petrographical studies, in a field whose 
general features have already been described and mapped by Dr. 
Sederholm, in the Swe<lish language. 

The Archaean age of the rocks investigated is determined by 
the geological condition which obtains generally tliroughout very 
extensive regions in Finnland, viz: that the Cambrian and Silurian 
rocks are found constantl}' in a perfectly horizontal and undis- 
turlHxl attitude, while the underlying pre- Cambrian have been 
much folded and altered. In the field described bv Dr. Seder- 
holm the immediate superi>osition of the Cambrian is not ob- 
served, but the rocks he treats of are identical petrographical ly 
and in the conditions of their occurrence, disturbance and altera- 
tion with rocks the pre-Cambrian age of which is demon - 
.stnited; so that he infers them to have lK»en in existence prior 
to the great eiK)chs of disturbance and erosion, which ant(HhittMl 
the Cambrian in this part of Europe, and hence Archiean. 

Among the ditfert»nt formations which the author recognizes 
and describes may Ik» mentioned first a series of p/ii/flttrn. miva 
jtrhtMtit and hoi'uhfendv st'fiiHfH, all of which appear to be altered 
se<limentarv rocks. These altered sedimentarv formations are 
surrounded l)y granite rocks, which penetnite them in innumer- 
able d3'kes and veins, lx)th transverse and parallel to the planes of 
schistosity. Fora.jiortion of these granites the term '^Adrn/ntisx'' 
is us(hI as descriptive of its intimate interveining with the schists. 
Occurring in extensive masses there are two chief varieties of 
gnuiites of quite different age, viz: (1). \ <jmy (jmiiite, rich in 
plagioclase and having genenilly hornblende as a cn^nstituent. 
This jwssesses often such a well marked parallel structure that it is 
fommonly alluded to as gneiss. This parallel structure is held to 
l)e a pressure* etTiH^t. In the midst of this granite then* occur 
masses of basic rocks somet1mt»s sevenil kilometers in extent, but 
generall}* much smaller. These pass by gradations into the envel- 
<»|)ing granite, an<i are held to 1k» more basic separations or score- 
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tioiis from the same magmu. These basic masses are now in part 
much altered, but they may bi^ classed with the dioritcs. gahhroa 
and pcrulotiteg. This gray granite formation is sliewn to cover 
a much more extensive area than the schists, and it is held to 
constitute a geological unit and to be ijoumjer tlian the schists 
with which it is in contact. 

(2.) A reddixh yrnnitv iri't/i <farnffs The feldspar is chiefly 
microcline, which is often in part intergrown with quartz in the 
manner of pegmatite. The mica is chiefly and sometimes exclu- 
sively muscovite. The coai^ser varieties of this muscovite gran- 
ite pass into pegmatite. This red granite is younger than the 
gray granite. The red granite also shews very commonly a 
parallel structure, but this cannot he ascribed so definitely to- 
pressuH' etfects as in the case of the older granite, but it is mther 
t^) Ih» n^ferred to some primary condition. Associated with these 
formations there is in the middle portion of the region examined 
a long l)elt, varying in width from two to .seven kilometers, 
composed of fine grained rocks rich in hornblende, of which the 
most typical variety possesses a well marked i)orphyritic structure, 
and is known as iirnUtpoi'phifi'itv. There are some minor varieties 
referred to. as in^'htp/n/n\ phi^fiorhute pnrphyritc and tiinffijdnloid, 
which are genetically allied to the typical uralitporphyrite. Out- 
side of this belt there are other occurrences, but of limited extent. 
Notwithstanding the great alteration which these rocks have under- 
gone, it is possible to recognize their original characters. They 
constitute a series which accords j^erfectly with some of the 
younger volcanic nn'ks. The occurrence of vesicles, of rocks 
which weiv originally glassy, an<l of tuffs and other volcanic 
e]€»ctamenta is pr(K>f of the fact that for the development of these 
great eruptive formations there must have ))een a true volcanic^ 
activity. There was fii*st an eruption of a comparatively acid 
magma, which .solidified as a highly feldspathic andesite. There 
was at the same time, however, also a basic niagnia procbiced, 
from which aro.se melaphyre and plagioclase porphyrite. The 
cause of the metaniorphisni of these rocks is sought for in the 
stmng mountain fohling which occurred in pre-Cambrian time. 
By this agency the eruptive formations buried deep in the crust 
were folded together and altennl apparently under the influence 
of solution. The relative age of these various geological forma- 
tions is fletermined by the following facts: Th<' unditi' iHnphifn'tt 
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formation is found in contact with the gni}* gmnite and the dio- 
ritic rocks geneticall}' associated with it; it is also found in con- 
tact with the schists and with the red granite. From a critical 
study of these various contacts it is evident that the uralite por- 
phyrite formation is younger than the gray granite and the schists, 
but older than the red granite. Since the gray granite pierces 
the schists the latter are the oldest formation. The siHjuence of 
formations in order of relative age is therefore as follows: 

1. Phyllites and schists. 

2. <xrav granite and associated diorites. 

o. Uralite porphyrite and associated rocks. 
4. Younger red granite. 

At the time of the extravasation of the uralite jwrphyrite 
the schistose rocks hiui already l)een folded, and so deeply eroded 
that the underl^'ing granitic masses were exposed. It is probable, 
however, from the fact that the uralite jwrph^'rite sheets are so 
often found in contact with the schists and phyllites, that the lat- 
ter were not extensively or completel}' folded up at the time of 
the outflijw of the volcanic rocks, and that a great portion of the 
disturbance w^:i8 effected after that event so that the porphy rites 
were etfecte<l by it. 

The red gmnite travei-ses the uralite i>orphyrite in numerous 
places, but the contact metamorphism is insignificant, and the 
alteration of the volcanic rock is, as alx)ve stated, aserilHMl 
rather to agencies attendant ujwn crust crumpling forces. 

A perusal of the paper suggests some interesting |K>ints of 
analogy with the geology of the somewhat similar regions of 
Camula. For instance the horizontal ity of the Cambrian of Finn- 
land is comparable with the flat undisturl)e<l attitude of the 
Animikie rocks of lake Sui>erior. The al>sence of any observable 
iMUsement for the altered schistose sedimentary formations and 
the occupancy of the place of that basement by an irruptive and 
younger granite appears to Ix* very analogous to the conditions 
which obtain in central Canada, as oliserved by Dr. A. (\ Lawson, 
in British (Columbia jus descrilwd by Dr. (J. M. Dawson, and in 
Nova Scotia as inferre<l from the descriptions of Mr. Faribault. 
The gneissic character of the irruptive granites is also another 
feature which the rocks of Finnland and Canada have in common. 
And the tn$tablishment of the existence of true volcanic n>cks, 
though much altered, in the Aix»luean of Finnland is in hannony 
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with the concUisions which have been reached regarding the char- 
acter of many of the rocks of the Keewatin (Archtean) group ia 
tlie region northwest of lake Superior. 

Earliest Man in Amkrica. 

The American Geologist, A'ol. A^IIL, p. 180, Septeml>er, 
1891, and the American Nuturalist^ Vol. XXV., pp. 991 and 
1084, November, 1891, note the important additions that have 
iK'en made to our knowledge of ancestral human types by the 
discoveries of MM. Lohest and Fraipont, of Liege, Belgium. 
These discoveries, together with similar discoveries at Canstadt 
and elsewhere in Kurope, establish the fact that the anomalous 
cranium, known as the Neanderthal skull, which has been discussed 
with more or less energy since 1857, represents a race of mea 
once widely distributed throughout Kurope, and not, as has l)eeu 
over and over again suggested, a mere individual pe<5uliarity. 
The object of this note is not to discuss these discoveries, but 
to iK)int out the fact that America was once occupied by a race of 
low-browed men, that were in all respects as degraded as the men 
of Neanderthal or Canstadt. 

Dr. J. W. Foster* was among the first to call attention to the 
fact that tumuli in the Mississippi valley furnished crania char- 
acterized by great development of the supra-orbital ridges, low, 
retreating forehead, and zygomatic arches projecting ))eyond the 
general contour of the face. The skull from "Kennicott's 
mound, ' near Chicago,! had it been found in Kurope, would be 
regarded as a fairly typical cranium of the Neanderthal or Can- 
stadt race. A cranium from the region of Dubuque, Iowa, is 
erpuilly as flat and as destitute of forehead as the famous Nean- 
derthal skull. Dr. Lapham, speaking of the peculiarities of two 
skulls preserved at Milwaukee, Wisconsin, refers in particular to 
the '^low forehead, prominent superciliary ridges, the zygomatic 
arches swelling out beyond the walls of the skull, and especially 
the prominence of the occipital ridge. "t 

Four crania exhumed and described bv Mr. C. L. Webster be- 
long to the same degraded type. One of these from near Floyd, 
Iowa, is flguriHl in the American XafuntfiMf, Vol. XXIII. Plate 

^Prehistoric liaoos. Chap. VIII. 

tp^Orttfr's Prc-hi>*tori»' Ua>'*'^^ p. 280. 

^Private corre8ponden( i» of Dr. Lupliain (pioteil by Foster. Pre hi,i- 
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VIII, Figs. 1 and 2. Three others were from Old Chickiisaw, 
Iowa, and are referred to on page 050, of same volume of the 
Natural iHt. Mr. M. W. Davis, of Iowa City, Iowa, has a cranium 
taken from a mound in Johnson county, which exhibits many of 
the same racial characteristics. Skulls of the same type are known 
from Indiana. In fact a low-browed, ape-like race of men was as 
fully developed and as widel}* distributed in America as in Europe. 

There is reason also to l)elieve that man was present in America 
at as early a period as the first record of his appearance in Europe. 
The arrow points found by professor Aughey in undisturbed beds 
of Ix)ess* at different points in Nebraska and Iowa, attest the 
presence of man in the Missouri valley in close proximity to the 
edge of the n^treating glaciei-s. The human implements found in 
the Etjnns hednoi the basin region indicate the presence of man in 
Nevada al>out the time he made his appearance in Iowa and Nebraska. 

The early low-browed American had for contemporaries an as- 
semblage of animals similar to those with which the Neanderthal 
man was associated. The Equus beds contain remains of two or 
three extinct horses, an elephant similar to the hair}' elephant of 
Quaternary Europe, a musk-ox, Orihox cnvifrom Leidy, and 
others for which set* the writings of Cope,t RussellJ and (xilbert.il 

Some Recent discoveries in South America i)oint to a race even 
more ancestral than that indicated bv the flat crania of the 
Mississippi valley. The question may now arise whether man did 
not originate on the American continent. The eastern continent 
received its horse.s and camels from America; whv mav it not 
also have received from the same source its earliest stock of flat- 
skulled men? 

Companions of Eo/.oon. 

The consUmt recession of the beginning of life to lower and 
lower horizons, is like the constant retreat of the rainlx)w before 
the boy who follows it in the hope of finding the promised pot of 
gold. Most geologists of middle life can recall the time when 
the lowest fossiliferous strata were those lying alx)ut the base of 
the Onlovician or I^wer Silurian svstem. Below this was a chaos, 

♦Hayden's Annual Kept, of the U. S. (ieol. «fc (ieog. Survey of the 
Territories for 1874. Washington, 1876. p. 25."). 

tHulletin U. S. Geol. «fc Geog. Survey of the Territories. Vol. V. p. 48. 
Am. Naturalist, Vol. XVI. p. 194. 

J Fourth Ann. Kept. U. 8. Geol. Survey, p. 400. 

$Lake Bonneville, U. S. Geol. Survey. Monographs, I. p. :iU4. 
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not indeed without fossils )>ut in whieli fossils were exeeedingly 
scarce. 

Now, however, the immense Ciimbriiin system has Ix^cii erected 
in this chaotic region with its three divisions, each holding a 
characteristic fauna, and geologists are venturing on yet farther 
conquests in the same direction. The vast Pre-Cambrian masses 
intervening between the (.^ambrian and the true Archwan arc be- 
c<jming more and more a field for careful investigation, and slowly 
we are finding traces of forms of lowlv life that inhabited the an- 
cient seas wherein those rocks were formed. 

Behind these a^onsof Pre-Cambrian time lie the Archaean ages, 
and even these are not too old to yield traces of life. For thirt}' 
years has the spectral Eoznon annul euae stood before the world as 
a paheontologic prol)lem; on one hand stoutly defended by its 
foster father, Sir William Dawson, and a few faithful friends, and 
on the other attacked b}' almost all other students of the Foramini- 
fera. In the report of Dr. Fnizer to the International Congress 
in 18SS, as given in this magazine for September of that year, 
are the opinions of fourteen geologists, of whom only three, Daw- 
son, Hunt and Walcott, pronounced in its favor. 

It is scarcely possible to doubt that not a few of these were in- 
rtuenced against Kozoon by its loneliness. Standing solitary as 
the single relic of the life of the dim and disUmt Arclia?an, it was 
suiTounded with a haze that no geological telescope could entirely 
pierce. For this reason it was exposed, and naturally so, to sus- 
picion that would not have been felt had other organisms of 
similar date been known or even suspected. 

From this point of view some of the recent work of Canadian 
geologists is of very great interest. In his address as president 
of the Natural History Society, of New Brunswick, Mr. 0. F. 
Matthew has reported some remarkable discoveries among the 
Ardnean rocks of Canada. After noticing several connected 
matters, Mr. Matthew says: 

'•It is with pleasure that I am able to call your attention to the 
existence, in your neighborhood, of remains of organic forms of 
:in anticpiity far antedating the (^ambrian age. 

"As we have at St. John a definite base to the Cambrian sys- 
tem, and sinc(» these basal rocks carrv the verv oldest Cambrian 
fauna known, we are sure of the greater antiquity of the organic 
forms to which I refer. 
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'*The ix)eks have biH.»u described in the reports of the geological 
survey of Canada, as the **Upper Series'* of the Laurentian art»a, 
and in this the fossils to which I refer have been found." 

In a subsiHpient paper read before the same society, Mr. Mat- 
thew dt»scrib(Hl these organisms. The first which he has named 
Arvhnozooii avndicnsr is, he savs, more nearlv related to the 
< Vf/jUo-oon of Pn)f . Hall than to Kozoon, but differs from both. 
To the naked eye it resembles pieces of fossil wood, and it occurs 
in immense numl)ei*s in a reef of limestone. 

Again in a later paper Mr. Matthew describes some other forms. 
One is Cynthoapomfta / enzoica and consists of parallel and forked 
spicules crossed by others at right angles ornearh'so. The other 
is Uah'rhoiidn'frs ijraphitiffniH, also a si>onge, the spicules of 
which occur in immense numbei*s on the surface of the graphitic 
shales of the Upper Laurentian rocks of St. John, N. B. 

The importance and interest of these veneiid)le fossils it is dilll- 
cult to overestimate. If six)ngt^ and Foraniniferii have come 
down to us from the Tpper Laurentian rocks there is less reason 
to Ih» sceptical reganiing the organic nature of Kozoon, if the 
Archaean seas were tenanted bv such creature's we mav vet hom^ 
one dav to have a fauna and fiora of reasonable abundance from 
these old and crystalline limestones and their metamorphosed 
shales. We can no longer say that Kozoon stands alone a soli- 
tary relic, and scepticism on this ground has no longer any logiciil 
standing-place. 

There remains, however, still unsettle<l the (question of the 

age of this -^Tpper Laurentian," or s<j callinl Archivan. Recent 

studies in the ••An'hjean" in the United States have shown that 

much of the limestone and (piartzite, which by geologists thirty 

and forty \ears ago. were placed in the '-Laurentian,' or more 

frtHpiently in the '-Upper Laurt»ntian. " belong in the primordial 

zone. This evidence is not only stratigraphic, but is al8<i pal- 

<»ontologic. On this recourse the opjwnents of the Kozoon may 

still object to its Archiean age, if not to its assumed organic 
origin. 

REVIEW OF KECENT GEOLOGICAL 

LITERATUEE. 



Ueofotjitutl Sni'cey of }fUnouri\ AiiTHiR WiNSiA»w, state geologist. 
Bulletin No. 5 contains : The age and origin of the crystalline rocks of 
Missouri, F^uasmis I{AWouTu,and Notes on the clays and build In g-stone:* 
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of certain western-central counties tributary to Kansas C-ity, G. E. Ladi>. 
Mr. Haworth apparently reverses at once the prevalent idea of the origiu 

of the crystalline rocks ofMissouri. Formerly Prof. Pumpelly had repre- 
sented them as largely or wholly derived from sediments, and Swallow 
had only admitted the granites and the porphyries to be eruptive. Mr. 
Haworth notes in the field the following evidences of their eruptive 
origin, (1) absence of true bedding, (2) flow and banded structure and 
lithophysie, (3) breccia, (4) scoria and amygdalcids, (5) tuffs, (6) absence 
of gradation of crystalline into non-crystalline rock. The petrographie 
evidence he discusses under the following divisions, (1) texture of the 
ground mass in the porphyries and breccias, (2) flow structure in the 
porphyries and breccias, (8) broken crystals due to flowage of the lava 
after the crystals were formed, (4) Magmatic corrosion of porphyritic 
<*ry8tal8 and of fragments in the breccia, (5) amygdaloids, (6) absence of 
metamorphic minerals. 

The rocks, taken together, he accepts aH "Archean," but he does not 
define Archean. When it be remembered that "Archean'* has been made^ 
very generally, until <iuite recently, to embrace all crystalline rocks below 
the Lower Silurian, but that there is a complex of primordial crystallines, 
as lately demonntrated in Minnesota and New Jersey, which has an im- 
portant bearing on the limits of the true Archean, it would have been 
well If Mr. Haworth had gone a step further, if possible, and indicated 
whether it is not likely that the crystalline rocks about Pilot Knob belong 
to the crystallines of Taconic age. Their lithology seems to exclude 
them from the true Archean, and to ])oint to the Labradorian, or erup- 
tive age of the Taconic. 

DfMcriptioitg of Four Neir Spcvitn of Fosnih from the Silftrian Itorks of 
Tfw Southi'^iMtfrn Portion of thr Diatrirt of Stimhitcharan. By J. F. 
AViiiTEAVEK. This small pamphlet of ten pages and one plate is re- 
printed from 77/r Conadion Jie^vrtf of iSrlenr^'. April, 1891. The fossils 
described were discovered by Mr. J. B. Tyrrell while making explora- 
tions for the Geological Survey of Canada. The localities are on Cedar 
lake and on the Saskatchewan river below Cedar lake. The horizon i^ 
Upper Silurian. The species are t>trophomerni ttrnnthoptfnty Pnitnintriin 
ih4:u8notiiHy (ioniphoreniH porruimUj ami AcidnHpin pentr/natn. 

Contributionj( to (^onadvin Mirro-paUtontoJoffy. Part III. By Prof. T. 
Uui'KRT JoNKs, F. H. S., F. G. S. The sub-title of this paper. On some 
Ontrncodn from the (Jomhro-Silnritin^ Silurian and Jhritniaii llorkn^ fully 
expresses its scope and object. There are forty-one paces of text and 
four plates. 

hdtoratory Prartice, a Hrrirn of wpfriuuntn on the fnndamentnl j)rincipU'n 
of rhtmintry. A companion volume to "The New Chemistry." By Josiah 
Parsons Cook K, LL.D. 12mo, 1S»2 pp., 18in,D. Appleton& Co., New York. 

This little book is what it purports to bo; the chemical principles are 
demonstnited by simple experiments, and during their performance 
exact observati<m and careful noting of all phenomena are inculcated. 
There are first several experiments with water, demonstrating its density, 
expansion by heat and !>y freezing, its distillation, conductivity of heat* 
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its latent heat, its conversion to steam, its solvent power and its action 
as a chemical agent and compound. Air is then taken as an example 
of aeriform matter, and the student is put tlirough various experiments, 
under the guidance of an instructor to show the weight of air, its relation 
of volume to pressure (Law of Mariotte), its expansion, and tension in 
relation to heat and to its content of a(iueous vapor. Oxygen, hydrogen, 
sulphur and indeed all the common elements are thus analyzed, together 
with their combinations, their properties discovered, or demonstrated, 
and made familiar by repeated operations and accompanying questions 
which present the substances in different lights. Thus all the funda- 
mental principles also of molecular and atomic weights and their calcu- 
lation are illustrated. This leads on to chemical symbols and notat1oi> 
and qnantivalent expressions. The beginner who conscientiously pur- 
sues the course marked out cantiot fail to become grounded thoroughly 
in the fundamental principles of chemistry, and he must conceive a sin- 
cere love for the science and a reverence for the constancy of nature *&- 
laws, if not for the simplicity with which they may be demonstrated. 

Repoj't on the geology of the four cvuntteSf Union^ Snydei\ Mifflin amf 
Juniat4t, with descriptions of the fossil ore mines, Marcellus carbonate 
ore mines, Oriskany glass sand mines and Lewistowu limestone quarries; 
illuitrated by two colored geological maps. K. V. D*IN^^LLlKRft. He- 
port F„ of the Second Geological Survey of Pennsylvania; a report of 
progress, 420 pp., 1888-188J). Harrisburg, 1891. 

This adds another valuable number to that large series of publications- 
devoted to the detailed description of the counties of Pennsylvania. 
The accompanying maps show that the area described is one of the 
most complicated in the Appalachian region of the state. Mr. D^Invil- 
liers has wrought patiently and well, and has put his results simply yet 
clearly and compactly into print. The volume will bear with important 
testimony on the correlations which yet have to l>e made of the forma- 
tions of the state, whether between those of New York or Virginia and 
those of Pennsylvania, or those of Pennsylvania within the limits of 
Pennsylvania. It is an important and a great service yet due to geology 
in America, that the elaborate survey that has been carried on in Penn- 
sylvania for so many years under Dr. Lesley, shall be rounded out with & 
final report, showing some symmetry and general conclusions. The re- 
ports printed otherwise will fail of much of the gooii which their cost 
seems to warrant us to expect from them. AVe judge from Mr. I^sley's 
letter of transmittal that such a report is in preparation. 

On iorne neie flshfn from South DakoUi, E. 1). Cope (Am. Naturalist,. 
July, 1891, pp. 654-58). Five new species are described, O.phyrura con- 
centriea^T SardiniuH bUxrkhumii^ PrnlHilloBtomu$ Umgulu^^ Oligoplarchus 
squamipinnis and 3[ioplosus multidentatus. Mr. Cope regards their 
characters sufficient to exclude them from the Cretaceous. Their age is^ 
Cenozolc, but whether Eocene or Neocene is uncertain. The rock is soft 
and chalky, and the fossils are from the Uee hills. 

On a new horiz*m in the St, John Grmip. H, F. Matthew (Canadian 



Record of Science, Oct., 1891, pp. i:W-i3). By the aid of Mr. G. Siettd, 
Prof. 3[atthew8 has found, on Navy island, in St. John harbour, abun- 
dant specimens of Dictyonema flabelliforme, in black shales of DiTisioA 
three (Bretonian) of his St. John group. The Tremadoc fauna, however, 
which is near the name horizon, is thought not to be on the island, but to 
the north of it, in the channel of St. John river. Associated with Dicty- 
onema he found also the brachiopods Obolus, somewhat like O.apollonis, 
Obolella, LinnarHsonia uud a Lingula or Linguella. 

The. Story t»f the Hills, a hook about mountains for general reuderB. Ret. 
H. N. Hi:tchinson, 12mo, pp. 3o7, Macmillan & Co., New York and Lon- 
don, 1892. Although this is a popular work it is based on a thorough 
knowledge of the geologj' of the subject. It illustrates how vastly the 
popular science of the day is improved over that of a century ago. In- 
deed the work here put forth as adapted to general readers would have 
been welcomed then as an addition to technical, or at least to philosoph 
leal geology. It emb<xlie8 in a pleasant style much of the philosophy of 
the formation, age, erosion and uses of mountains, volcanoes, glaciers, 
sedimentation, pressure and upheaval. 

CorreUitioh Pnpenntf the U. S. Ge^flogical Surrci/; JJrroniau and Carbon^ 
iferons, H. S. WiM IAM8, Bulletin No. 80, Washington, 1891. 

In his consideration of the Devonian and Carboniferous rocks profes- 
sor Williams discusses several problems connected with the subject, 
after he has given a ireneral review of the literature. He examines in 
considerable detail the state of opinion regarding classification and 
nomenclature from the beginning of the century up to 1851. The Wer- 
nerian system, based upon mineraloirical characters, long retarded the 
advance of geological knowledge, and it was only after the completion 
of the report of the geological survey of New York that the science 
advanced with any rapidity. The New York geologists, following 
the methods of Sedgwick and Murchison, finally gave to the world the 
"New York system/' which, although somewhat defective, established 
a standard for the rocks of this countrv. 

Prof. Williams advocates the separation of the study of the geologist 
and the paleontologist: lie believes the work of the former should be 
to carefully obser\e the characters of the formations, describe their 
various features, preserve their fossils and so arrange his obsen-atlons 
that '*distinct association will be found in the name applie<l to each 
formation with the observations actually made in the field. The refer- 
erence," he says, "of each particular formation to a place in some stand, 
ard scale should not be made without careful study. This careful study 
4'annot be ma<le independently of the fossils, for fossillferous rocks, and 
in order that the paleontoloirist may make his studies without prejudice, 
the names of the formations, their localities, and their petrographic 
characters should be described and recorded, ([uite independently of the 
fossils which they contain." (p 55.) 

The use of the term *' New York system" is argued against inasmuch 
as it is considered an imperfect division of geological time. He advo- 
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cates the addition of the Coal Measures of Pennsylvania, and then a 
natural group of the first order would be produced, nearly ec^ual to the 
l^leozolc era. "Were we to adopt for this grand terrane the name Appn- 
liichinn ffroup, we should have a properly constituted name for an actual, 
existing geologic group, free from theory, and its use would prolMtbly 
assist in the progress of science/* (p 60.) He would discard certain 
lithological names still used in (^lassificationH, as tifjr can never be de- 
termined by lithological characters. ** It can be indicated only by that 
which changes with time under the infiuence of some definite law, 
and fossils alone have this value.** 

In addition to his disbelief in tlie value of lithological features in 
determining the age of rocks, Prof. WillianiK has but little faith in what 
is called "persistent parallelism of strata,** without the aid of fossils. He 
points out several erroneous correlations made by this "parallelism." 
One of these was by Hall who, claiming he had traced the rocks step by 
step from New York to the Mississippi valley, stated that the Waverly 
sandstone of Ohio was the same as the Chemung and Portage gn)ups of 
New York. (p. Oy.) Other mistakes were made by the geologists of the 
Second Pennsylvania Survey, who, assuming an average direction and 
rate of dip, identified formations by their altitude. The outcn)p8 were 
follower! from ravine to ravine or from quarry to (juarry, and though the 
same metho<l was pursued by both Mr. White and Mr. Carll, when the 
correlations reached Chautauqua county it was found that Mr.Whitecor 
related the Panama conglomerate with the third oil sand of Venango 
county, while Carll placed it entirely below the Venango oil group. I*rof 
Williams savs: 

*'The fact seems to be, as we review the records of the survey, that the 
data of lithologic character of rocks and of thickness of the dei>08it8 
were so constantly variable that the ^theory of persistent parallelism of 
strata* was little more than a theory, the exceptions to which were as 
numerous as the illustrations. It was a cut-and-trv system of match 
ing together innumerable sections made up of irregular combinations 
of shales, sandstones, conglomerates, and limestones of various color, 
thickness, and texture. Whenever the gaps were over a mile or two 
long the adjustment of the theoretical dip, a few feet more or less to the 
mile, would enable the parallelism to fit any particular stratum in a 
given section. The fact that those who showed evidence of having 
noted the fossils, although they may not have identified them, were 
invariably nearer right than those who neglected them, strengthens the 
lielief that the fossils, even in this case, were the most valuable means of 
correlation.** (pp 111-112.) 

Among the various problems discussed we find the difl'erentiation of 
the Carl)oniferous system: the Coal Measures or Pennsylvanian series: 
the Lower Car))oniferousof the Appalachians and of the Mississippi 
-valley: the (^hemung-Catskill problem: the Waverly problem: and the 
Permian pro))lem. The use of the name "Carlioniferous** is considered 
unfortunate, and Prof. Williams advocates its abandonment in favor of 
the "Pennine svHtem," inasmuch as it is in the Pennine chain of hills 



6o Tlie Ahierican Oeoloiji^t, Jamuur, i 

that thf" typical Carboniferous section is found, (p. 81.) The limits of 
the system here are well deline<l both above and below, but in other 
places it shades off into the Devonian below or the Permian above. In 
these cases an arbitran' line must l>e drawn to indicate the limits of each^ 
Again in the discussion of the I^wer Carboniferous strata of the- 
Mississippi valley, it is proposed to use the term MiMUnippian Mrie$ in 
place of the old name Subcarboniferous, upon the ground that the old 
name is inappropriate, and was ^introduced as an expression of confus- 
ion and dissatisfaction with the correlations attempted.** (p, 142.) This 
is a slight modification of the late Dr. Wincheirs term Mississippi, ap> 
plieil by him to the same series of strata. American geologists have 
not hitherto fallen in with the recommendation, and they may be slow 
to follow Prof. Williams in lx)th of these proposed changes. The 
scheme proposed for the Subcarboniferous nxjks of the Mississippi 

valley is as follows: 

\ C'he»t»»r. 
Ci*»iH'viHve <;roup.. St. Loiiir^ 
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s^ri*^*". Ojia-'H <ir«»uu * 5***^*v"*i; 

•S.i»KarJ«mifenM...i " ' ' . Burlini,^o«. 

V (-'hout»»au lini«»-!*toii«» and the "Veriii- 
' Choat<'au (Jroup... ioular" and "Lithographir" formation* 

' of Broadh«*ad. 

In the ihapter on the Permian problem the conclusion is reached that 
as far a.s the strata of Kansas and Nebraska are concerned there is no 
Permian system, the passage from the Coal Measures being gradual and 
not abrupt. The application of the term is here considered purely artific- 
ial, and induced by those who sought to force a correlation between the 
rocks of Europe and America. As for the Permian ranking as a separate 
system he says it is still an open question, **aDd bids fair to continue so 
until a natural metho<i of classification for the time-scale be devised, 
which ehall be inde]>endent of the lithologic cliaracter of the rocks." (p» 

2011. ) 

The general remarks and conclusions are well worthy of careful pe- 
rusal. That to paleontology is given the first pla<'e in all correlations is 
evident throughout the work. We have already shown his opinion of 
the theor}' of **per8istent parallelism of strdta**and It is reiterated on page 
26:5. Here, also, he refers to the value of fossils, correlations by their 
aid l>eing l>ased upon actual evidence, which can be corrected by a criti- 
cal review; while the particular form of any organic structure is consid- 
ered <letermin0d by heredity and environment. "Hence we may deduce 
the law that, given the locality and the conditions of environment, the 
fossil has in itself the evidence of its geologic age." (p. 263.) In the 
MisKissippian province he advo<'ates a structural and a time scale of for- 
mations. From tho first point of view there shouhi be an increase in the 
num)>er of formations: while from the paleontological standpoint tlie 
classification is t<K) minute and the number of formation should be re- 
duced. 

A new feature is intrcxluced in the consideration of geographical 

featur**s as modifying geological classification, but it is not elaborated to 



:HDy extent. It haviug been demonstrated that classification cannot be 
based upon the uniformity of lithological constitution, and thi^t uni- 
formity of stratigraphy cannot be relied upon for correlations "the 
modem school of paleontolo^rists are demonstrating the fact that the 
•divisional lines marking the biologic or time scale do not correspond to 
those of the structural or stratigraphic scale, but are determined by in- 
dependent factors. In the classification of rock f«)rmations the character 
of the formations should receive chief consideration, but the particular 
geologic period in which the sediments are deposited has practically no 
relation to the nature of the sediments or their amount or their physical 
arrangement as geologic deposits. It is, hence, a grave question 
whether the development of our science does not demand that geo- 
graphic factors should take precedence of time factors in all classi- 
fications of geologic formations." (p. 207.) 

The standpoint of the new school of paleontologists of which professor 
Williams is an able exponent, is summed up in the concluding para- 
graph of the Bulletin . According to the Darwinian idea of species, as 
•opposed to the Cuverian, **the modification of organic form is conceived 
as not an arbitrary' matter, but as correlated with difference of envi- 
ronment and of genetic relationship, so that the lesser variations of 
specifi'c form are of as great value to the modern paleontologist for pur- 
poses of correlation as is the identity of species. Comparison of allied 
species in the same genus exhibits to him the rate and direction of 
modification taking place in the genetic histor}* of the genus, and in the 
plastic or variable characters he finds a sensitive indicator of the stage 
of development attained by the race when the particular individual lived. 
Biological study shows him that the fossils must contain intrinsic 
evidence of their geologic age independent of the formations in which 
they were buried,and his chief work is to learn what this evidence is and 
how to interpret it. To such evidence the final appeal must be made in 
all cases of the correlation of geologic formations.'' (p 200.) 

Taken as a whole the Bulletin under review cannot but be regarded 
jis a valuable contribution to the philosophy of geology; and while some 
of the conclusions of the author may not meet with the approval of 
all, they at least merit consideration. Some portions of the volume show 
signs of haste in preparation; and it would have been a valuable addi- 
tion had there been given a list of the )>ooks and papers consulted or re- 
f<'rred to in the c<mrse of preparation of the Bulletin. 
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I. StiiU 11 Mi Govern ment Jieporttt. 

Annual lieport of the Geological Survey of Arkansas, 1888. Vol. IV. 
Part I. Oeologj' of Washington County; Part II. List of the Plants of 
Arkansas. 

Ditto, 1890. Vol.1. Manganese: Its Uses, Ore:*, and Deposits. By 
K. A. F. Penrose, Jr. 
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Annual Report of the Geological and Natural History Survey of Can- 
ada. Vol. IV. (N. S.) 1888-80. 

II. ProeeedirnjH of Scientific Sorif/tir^. 

Proceedings of the Academy of Natural Sciences of Philadelphia, 
1891. Part II, April- August, contains: Echinoderras and Arthropods 
from Japan, by J. £. Ives; Notice of Some Entozoa, by Joseph Leidy; 
Note on Mesozoic Mammalia, by O. C. Marsh; Fossil Faunas in Central 
Iowa, by Charles 11. Keyes; On Paramelaconite and the Associated 
Minerals, by G. A. Kocnig; Echinoderms from the Bahama Islands, by 
J. E. Ives; Memoir of Joseph Leidy, by II. C. Chapman; Mollusca from 
Nantucket, Mass., b}' II. A. Pilsbry: Geological Features of the Metooric 
Iron I.*ocality in Arizona, by A. E. Foote. 

1 II. Papei'H ill Sficatific JoiinmlH. 

Am. Jour. Sci Aiu/. Xo. contains: Some features of the non-volcanic 
ejections as illustrated in the four *• rocks'' of the New Haven region. 
West Rock, Pine Rock, Mill liock and East Rock, James D. Dana; 
Notes of a Reconnaissance of the Ouachita mountain system in In- 
dian Territory, Robt. T. Hill: Note on the asphaltum of Utah and Colo- 
rado, by Geo. H. Stone; A gold-bearing hot spring deposit, Walter H^ 
Weed; Restoration of Stegosuurus, O. C. Marsh. 

Sept. So. <>ontaius: Pleistocene Huvial planes of western Pennsyl- 
vania, Frank Leverett: Genesis of iron ores by Isomorphous and Pseud- 
omorphous replacement of Limestone, etc;., James P. Kimball; Constitu- 
tion of <rertain micas, vermiculites and chlorites, Clarke and Schneider.. 
A further note on the age of the Orange Sands, R. D. Salisbury; Note on 
the causes of the variations of the magnetic nee<lle, Frank H. Bigelow; 
Notice of new vertebrate fossils, O. C. Marsh. 

Geol. Mag. Att;/fHit Xo. contains: (Glacial geology, G. W. Bulman; The 
Pleistocene beds of Gozo, J. H. Cooke; On orthoceratitos vaginatus SeJihth,^ 
Arthur H. Foord: Physical studies of an ancient estuary, A. Irving; On 
the British earthtjuakes of 188i), V. Davison; The age of the Himalayas, 
W. T. Blanford. Sept. Xo. contains: Ri»8toration of Stegosaurus, O. C. 
Marsh; The Scandinavian glacier and som<» inferences derived from it, 
T. F. Jamison; Transverse valleys in the east<>rn Caucasus, Hjalmar 
Sjogren; On the sands and gravels in the boulder-clay, G. VV. Bulman; Re- 
cent geological investigations in the Salt nmge, India, A. B. Wynne; 
Rock si>ecimens from Kimberly, Prof. Bonney and Miss C. A. liaisin, 
with a note by T. Rupert Jones; Glacial mound in Glen Frain, Dugald 
Bell. Oct. Xtf. contains: On the origin of (!Oncretions in magnesian 
limestone, E. J. Garwood; Elevation of the American Cordillera, H. H. 
Howorth; On the British earthquakes of 1890, C. Davison; On the lower 
(tn»ensand and Purbeck beds, P. B. Bro<lie; The lower Greensand or 
V«»ctian in Dorset, A. J. Jukes- Browne; On color-bands in WaUVuimin 
ptrforatit, Edw. Wilfson; Note on the Coniston Flags, W. M. Ilutchins. 
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The Middlkton Formation of Tenskssee, Missishippi and Ala- 
bama; WITH A NOTE ON THE FORMATIONS AT LaGuaNUE, TENNESSEE.. 

The party of geologists, spoken of on page 408, Vol. VIII, of this jour- 
nal, stopped in their travels, for a couple of days, at Oxford, the site of 
the University of Mississippi. The chief object was to inspect the. fos- 
sil plants, collected in Mississippi and now in the museum of the Uni- 
versity. While there, observing, with the other members of the party^ 
the many interesting specimens, I happened upon a lot of peculiar rock, 
fragments, containing casts of fossils, which had a very familiar look, 
and which I thought must have come from some one of certain locali- 
ties in Tennessee. I at once called Dr. Ililgard's attention to them. 
"Xo,'' he says, **they are from the Keeve's locality in Tippah count}' of 
this state, and from the *clay sandstone' found there.** He then referred 
us to page 112 of his ** Agriculture and Geology of Mississippi/* where a 
section of the rocks at Reeve's is given. "The clay sandstone is No. 2 of 
the section and from this the rock-fragments in question came.'' Dr. 
Eug. Smith, who was standing near, recalled the fact that the same rock 
occurs in Alabama. 

All this was a revelation to me. I had known the rock for many years> 
in Tennessee, and did not know of its occurrence elsewhere. Witli us, 
it is found at a number of localities. One is on the Memphis & Charles- 
ton railroad, at Middleton, in Hardeman county. An extensive outcrop 
of the rock is seen along the Bolivar and Purdy dirt road. It begins^ 
about eight miles from Bolivar and extends easterly two miles, or there- 
abouts, and nearly to Wade's creek. This is also in. Hardeman county, 
through which county, indeed, the formation outcrops in a belt running 
north -northeasterly and south -southwesterly. 

The rock referred to, is one of the most characteristic of a group of 
layers. It is about two feet thick, a sort of conglomerate, consisting of 
lumpy clay mixed with sand, and more or less consolidated into a bluish 
gray mottle<l mans. It contains also green, glauconitic grains and casts 
of fossils. Dr. Hilgard, in the section referred to, si>eaks of it as **clay- 
sandstone, spotted blue and yellow, with green grain dots.*' The fossils 
he mentions as occurring in it are *^Ve»rrinirtfitt phmirottn^ Cardium 
n irolleti / Troc?* <m. Oft ren^ etc,*" 

The particular rock descril>ed is one of a group, or formation, which 
is evidently the lowest division of the Eocene of this region. 

From the interest attached to this group and the ven* considerable 
extension it proves to have, it deserves a distinct name. Drs. Hilgard and 
Smith approving, I have named It the Mt'dtiUtou fomuition fn)m the- 
name of the town where its outcrop is interse(*ted by the Memphis and 
Charleston railroad. 

Immediately to the east of the formation, in Tennessee, lie the Cre- 
taceous (Ripley) beds, while to the west are the Flatwoods (Porter's. 
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Creek) clays. The formation will be furtlier considered and reported 
^ipon hereafter. 

Another pla^^e visited^ by the party mentioned above, was the noted 
La Grange locality in Fayette county, Tennessee. Those of the party 
visiting this point, in addition to the gentlemen already referred to, 
were Messrs. McGee, Ward, Hill and Holmes. All were much interested 
in the great display presented here. La Grange is located on the edg^e 
of a high table-land. Immediately to the south of the town, this table- 
land breaks away in a steep, bold escarpment down to the bottom-lands 
of Wolf river. The washes along the old roads leading from the town 
down tlie escarpment have displayed in grand sections the strata of the 
region. 

Tlie Lafayette (Orange Sand) formation makes up by far most of the 
slopes. At the base of the slopes, come in a group of laminated sands 
and clays, with shelly, siliceous shales and sandstones containing leaves, 
which it was agreed pertain to the La Grange formation. At the top of 
the slopes and sections, making the tloor of the table-land and resting 
upon the Lafayette, is the "Yellow loam," a division of Mr. McGee's 
Columbian formation. 

I add that the La Grange formation, which is so low in the sections at 
La Grange, rises, at points in Fayette and adjacent counties, to much 
higher levels, even appearing and outcropping, now and then, at the 
surface of the table-lands. The La Grange had an uneven, more or less 
•ero<led, surface upon wliicli the sands of the Lafayette were deposited. 

James M. SAKhH)Ri). 

Viniflfrbilf i'ltin rttf'fi/, XonhrnU^ Tt hh. 
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Gkoix)«I8Ts.— Mr. G. Iv. Gilbert communicates to the Geol<k*ist the 
following letter from Mr. Em. de Margerie, Secretary of the Interna- 
tional Committee on the Bibliography of Geology. It sets forth the 
organization and plans of the Committee, (geologists residing in North 
America who have prepared or are preparing bibliographies of any |>or- 
tion of the literature of geology, are recjuested to communicate with Mr. 
Gilbert (address: H. K. (filbert, U. S. Geological Survey, Washing- 
ton, I). (\) 

Inteknatioxai. CoNCiUKSs OF Gkgi.ogists: Committee ox the Biblio- 

ouAPHv OF Geol()<;v. 

Paris, Rue de (Jrenelle 132, Nov. 20, 1891. 
Sir: At the meeting of Tuesday*, September 1, 1801, the International 
Congress of Geologists, a8.semble<i at Washington, on motion of Messrs. 
II. S. Williams and de Margerie, appointed a permanent international 
<-ommittee charge<l with the duty of centralizing the information relat- 
ing to geologi<' l»ibliography. This committee, wliicli is authorized to 
add to itself new members in unlimited numbers, comprises at present 
Messrs. Frecli ((Ternitiny). (Hlbert (North America), Golliez (Switzfer* 



land), Gregory (England), de Margerie (France), Keusch (Scandinavia), 
Stein mann (South America), Tschernyschew (Russia), Tietze (Austria- 
Hungary), and Van den Broeck (Belgium). 

The end to be attained is threefold: (1) to prepare a list of the geologic 
bibliographies already in existence; (2) to prepare an inventory of those 
parts of geologic literature, which have not as yet been the subject of 
such methodic abstracting, in order to prepare the way for undertaking* 
comprehensively, the retrospective bibliography of the science; and 
ifl) to proceed to the periodic registration of its current bibliography. 

The first meeting of the committee took place during the excursion to 
the llocky Mountains. The following are its minutes: 

**The International Committee on the Bibliography of Geology met 
September 20, at 8 o'clock in the evening, in one of the cars of the 
special excursion train, between Manitoa and Denver (Colorado). 
Present, Messrs. Freeh, Gilbert, de Margerie, Reusch, Steinmanu, 
Tschemyscbew, Tietze and Van den Broeck. Prof. H. S. Williams also 
wa« present at the meeting. 

"Mr. Gilbert was by acclamation elected President of the Committee, 
and Mr. de Margerie, Secretary. Mr. de ^fargerle will take charge of 
the correspondence for Europe, and undertakes to transmit to Mr. Gil- 
bert all the documents intended for printing. 

"In regard to retrospective bibliography, Mr. Golliez announced to 
the committee that the Geological Survey of Switzerland, is preparing 
a geologic bibliography of Switzerland, which it will probably take 
several years to complete. Mr. Tschemyscbew announced the existence 
of a catalogue of the same nature on the North of Russia, as yet un- 
published, of which he is the author. Finally, Mr. Van den Broeck 
called attention to the general bibliography of Beli^iini, which is to 
comprise a list of all documents relating to the geology of that country 
published in the course of the lllth centur}'. 

"After a short discussion, tlie committee decided to confine its efforts 
for the time being, to the preparation of a list of the partial geologic 
bibliographies already in existence. Eacli member of the committee is 
to perform that part of the work which relates to the country he repre- 
sents. For Spain, Italy and Portugal, which countries sent no represen- 
tatives to Washington, the committee will address itself to the directors 
of the geological sur^'eys of these three states. Mr. Tietze agrees to 
take charge of the bibliography of the Balkans, and Mr. de Margerie 
will try to fill out any gaps that may exist in the collection of documents 
gathered by the various members of the committee as regards Asia, 
Africa and Oceanica. The manuscripts must be sent to the Secretary 
l)efore Easter, 1892, in order to be printed witli the prmreedings of the 
Washington meeting. 

**Tlie projected list will conipri^e tlie detailed titles of works entering 
into the following categories: 

"(1) Hegionnl or ionil hihliof/rujthin<. (Exiimples: Geologic Bibliography 
of Italy; (teological bibliography of the counties of England, by Whitaker; 
Catalogue of the publications of the American surveys, by Prime.) 
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**(2) Systemtitic bibliographies, that is to say, relating to a defined group 
of facts, (e. g. Bibliography of the various classes of rocks, inserted 
in Rosenbusch's Petrography; Bibliography of the upper Jurassic, by 
Neumayr; glaciers, volcanoes, etc.) 

**(3) Personal bibliographies. (Catalogues of the geologic publications 
of one author, like those that often accompany necrologic notices; 
Royal Society's catalogues of scientific papers, etc.) 

**(4) Catalogues of ge^)logir nutps. (e. g. ^lapoteca geologica Ameri- 
cana, by Marcou.) 

"(5) Annual geologic bibliographies either general (e. g. Geological 
Record: Revue de geologie, by Delesse and de Lapparent; Annuaire 
geologique, by Dagincourt), or special (e. g. Revue geol. Suisse, by E. 
Favre and Schardt: Bibliotheque geologique de la Russie, by Nikitin; 
Record of American Geology, by Darton.) 

** (6) General tables of special periodicals or series, (e. g, the Reperto- 
rium to the Neues Jahrbuch fur Mineralogie; Index to the publications 
of the Geological Society of London, by Omerod; Table of Paleonto- 
graphica; List of the geological maps published in the Quarterly Jour- 
nal, by R. Bliss.) 

"(7) Printed catalogues of special librarie^t. (e. g. Catalogue of the 
librar}' of the Geological Society of London. Catalogue of geologic 
works found in the libraries of Belgium, by Dewahjue.) 

"As regards the scope to be given to the work, the committee thinks 
proper for the present to exclude all documents of purely mineralogie 
or paleontologic nature; on the other hand, information relating to 
petrography, physical geography, applied geology, mineral waters and 
prehistoric archeologj' will be included. For the rest, full latitude is 
left in this respect to the collaborators, the editor being empowered to 
extend or abridge manuscripts witli a view of securing proper uniform- 
ity in publication. 

"Important manuscript bibliographies, the existence of which may be 
known to the members of the committee, are to be indicated in the 
proper places, siting name and address of author. 

"The publication will be in French, but manuscripts may be prepared 
in the language of the countr}^ whence they come, to be translated after- 
ward under the direction of the editor. 

"Titles must always be given in the language of the original publica- 
tion; they will not be followed by a Frencli translation except in case 
they belong to a language other than Englisli, German, Italian or Span- 
ish. The indication of the author's name, place of publication (with 
the publisher's name in the case of a separate work), date, size and 
number of pages, shall be as exact and detailed as possible; furthermore 
it is desired to have stated the approximate number of entries contained 
in each bibliography, adding summary information regarding its nature, 
such as: ^Alphabetic catalogue by authors' names; Catalogue classified 
by order of dates; Simple list of titles; Each article is followed by a re- 
sume; The number of plates is not given; etc' The limiting dates of 
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the publications catalogued in the bibliographies are also to be noted, 
(e. g. 1802 to 1888.) 

'*In case a bibliography bears no printed title, which often happens 
with such as are appended to special works or memoirs, it will be proper 

to define its subject by means of a phrase in brackeW. [ ], giving after 

this the complete title of the document in which the bibliography is 
comprised. 

**Publication8 which, without pretending to take the form of a methodic 
bibliography, contain the detailed history of the study of a (luestion of 
general interest or of a country, are to be mentioned. 

'*In order to facilitate the final classification of subjects for the pur- 
pose of printing, the collaborators are requested to prepare their work 
on separate slips." The Secretary, 

Emm. de Makqerik. 

7V/ ^fr. G, A', Oilberfy MemJIter of the CommiW'e for North Ameriea, 



PERSONAL AND SCIENTIFIC NEWS. 



Preuistoric Horses. — Tlie genealogy of tlie horse has been 
most admirabl}' worked out in various publications, and the fact 
lias long been established that the genus originated on the North 
American continent. The (juestion, liowever, as to whether pre- 
historic man in America had the liorse as a contemporary lias 
l>een a disputed iK)iut. This (|uestiou ma}' now Ihj considered set 
at rest by the discovery of a skull of an extinct species of horse 
in strata with human implements. 

This discovery was announced by Prof. K. D. Cope at the last 
annual meeting of the American Association for the Advance- 
ment of Science. A skull of a horse wius exhibited to the mem- 
l>ers by Prof. Cope, who pointiHl out the characters of the teeth 
and who stated it would be imi>ossiljle for any one to separate 
the fossil teetli from those of the quagga and zebra if the three 
were all thrown together. In minor cliaracters, such as those of 
the size of tlie bones, the diflTerences are preceptible. So there is 
no doubt the skull represents an animal different from any now 
living. That it was a horse, however, any one could see. 

The most curious thing alx>ut the skull was its condition. The 
frontal bone had been crushed in exactly as we see in the case of 
animals slaughteriKl for food. The friable bones protecting the 
eye sockets were intact, Jis were also the long nasal bones. 
Found in the same lx»d with the skull was a stone hammer that 
Ijore evident marks of having been fashioned by the hand of man. 

Wliat inference was to be drawn from this? In the first place 
it has been suspected and considered probable that early man on 
this continent had been contemporaneous with a horse, though 
not the present living species, but no direct proof had hitherto 



U?on found. When Euro|j*^as Laq*!*:^! *>a the nt-w i.t>ntinenl the 
horse w;i->an unknown animal :«• :h«^ Q:i"iv.-^ *^. it had evidently 
long JM*en extinct. 

All the hoi>e> now f«Mind i:i litii'-r N'»rtLi ••r S»uth Anifriea eanie 
from st^xrk orijiinally hn night .'Vt-r ^»y Kun.>|iean>. But hen» 
we have evidence in the a.'->«K:iati«»n of a human implement and a 
liorse H .skull that man and h«»r>«* ha^l livetl tt»iiether. and the 
jHiculiar fracture of the -•kull of the latter lea»U to the l»elief that 
tlie animal had met il> dt-ath at thi- hand^ of man. 

This fact op«'ns >evt»ral 4Ut*>ti»»ns What >KX-ame of the nice 
of horses that once live<l on tlie continent? Were thev externi- 
inatefl l)y savage man a> civilizi*tl man h:L< exterminateil the 
l>isf>n? Di*! thev once >crvf a.-^ tiea.-ts »»f bunlen or wen* thev 
used onlv as fcxwl? Were thev wil«l or domi^ticate*!? 

It si»ems probable that thev weri* no: U'-t^^l for any other pur- 
jiose than a.> f<M>d. and that they existt^l only in a wild slate, for 
it is scarcely reasonable to supjMtsi- that havini: oncv )»tvn ustnl by 
man and so donu^ticatiMl their u-^e wouM ever have Ikhmi forgotten 
or the breed allowed to die out. Neitlier i- it pn»bable that they 
were exterminated solely by tlie ajrency of o»utem|K»raneinis man, 
for we know that in spite of iheu^^e of the bis4»n l»y the Indians of 
North America theii numbers tlitl not tUvn'ase to anv siri»at ex- 
tent. It was onlv when civilized man ln^iian hi"^ destructive work 
that the bison iK'gan to disappear. 

What then was the cau**c of the ilisiippearance of the horse? 
If it were demonstrated that this early horse ex isttnl prior to tlie 
ice-age his disappeanince might 1h' allributeil reasonably to the 
cold that jirevailtMl, or to some of the attemlant conditions. 
While Dr. ('oi)e considers tlu' ••Kcpius beds' as of Tertiary age, 
Messrs. (lilbert, Russell and Mcdei' have given much evidence 
that they are middle or late (Quaternary. The corudination of the 
strata of the southern states with the drift sheet of the northern 
has not vet been eluci(hited. The carlv Pleistocene was connected 
by a link which has not vet been discoveretl, with the latest 
Pliocene. Whether that link consi.sted largely of the advent of 
tlie ice-age, or the outburst of the (Quaternary eruptive forces that 
characterize this (Uite in the western and Pacitic states, orlK)th of 
these cotemporaneously, it is evident that it was marked by great 
physical changes such that the habitaV)ilitv of the country by 
many of the larger mammals was dcstroviMl. 

>Ir. Cope has given a description of tliis skull in the October 
number of the J//"r/r<o/ X'tfurnh'sf. lie considers it Eqimti 
i.rrrlsns Jieidy,and remarks that it is the first that has come to liglit 
in the Tnited States. 

TnK Spanish (Iovkunmk.nt has DFrrKRMiNKD to hold a his- 
torical and arclueological iiiternati(uial exhibition next year, and 
especially honors the Ignited Slates by its invilalion and applica- 
tion for aid. The Spanish exposition will in no wise comjiromise 



the success of tlie great Cliicago world's fair of the following 
year. On the contrary the more perfect the first display, the bet- 
ter will the departments of archteology and history be representeil 
at our own ; for the Spanish government luis generously proposed 
to transfer a large part of its treasures to our buildings during 
the six months which intervene between the closing of the one 
and the opening of the other. All pei*sons having collections of 
archieological, ethnological (mumismatic), or historical material 
connected with the history of this country both before the dis- 
covery and after the discovery, up to 1750, are urgently invited 
to loan it under the safe guarantees offered by the circular of the 
Spanish government, forwhich apply to Senor (^impillo, ScK»y of 
the Spanish legation at Washington. 

It appears that (IEolocjicai. frauds are not confined to this 
country, as the following extract from a late number of Xaturr 
proves. '*A notice which will be read with interest by all owners 
of gems, has been issued by Dr. A. Hrezinn, of the Natural His- 
tory Museum of Vienna. It relates to the doings of a young 
man who on September 2.i\ contrived to conceal himself in the 
department just before the time for the closing of tlie Museum. 
He was caught and found to be armed with a revolver, and to 
have in his possession tiles and other imj)lements. lie had also 
in his possession nearly (50(1 gems, some of them cut, but the 
majority in their njitural state, lie has a passport, in which he is 
described as Hugo Kahn, of Herlin, but he has also called himself 
Krony, Kronek, Kornak and Kronicsalsky. His age is 24, he 
measures in hight 170 cm., he is slender, has a longish handsome 
face, is of a brownish complexion, has dark hair, grey eyes and a 
light brown beard, of fiHO)le growth. Fpon the whole he is an 
attractive l(K)king person. He has made several journeys in Ger- 
manv, France, Switzerland and Italy: and between the middle of 
last July and the beginning of September he travelled through 
Pyrmont, Kms, StrasslH)urg, Basel, Milan, (icnoa, Nice, Monaco, 
Oenoa and Venice to Vienna. Most of the gems (the names of 
which with the exception of a rock-crystal, he does not know), 
he professes to have bought from a barber in Marseilles. As it is 
important that the former ownei*s should be known. Dr. Hrezina 
|)rints a list of the gems, with a re(|uest that any one who has in- 
formation about them will communicate with him." Evidently 
this man is not nearly so finishe<l and thorough-going a scamp as 
the one lately exhibited in the rogues gallery of the Geolooist. 
The narrative given alK)ve well illustrates the danger to which all 
costly and valuable collections are exix)sed, when they are oi)ened 
to the public, and the necessity of the utmost vigilance for their 
protection. 

The late Dr. P. Herhert Carpenter was the fourth son of 
the late Dr. W. B. Carpenter, (\ B., F. R. S. He was found dead 
in his dressing-room on Oct. 21. At the inquest it was found 
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that he had killed himself by the administration of chloroform 
during temporar}* insanit}'. Dr. Carpenter had been Science- 
master at Eton since 1877. The Times gives the following ac- 
count of his scientific work: *^ lie was a member of the scientific 
staff of the deep-sea-exploring expeditions of the * Lightning ' 
(1868) and the 'Porcupine' ('69 and '70) and in 1875 he was 
appointed assistant naturalist to the * Valorous ' which accompa- 
nied the Arctic expedition of Sir G. Nares to Disco I., and he spimt 
the summer in sounding and dredging in Davis strait and the N. 
Atlantic. Dr. Caq)enter devoted himself exclusively since 1875 
to studying the morphology of the Kchinodermata, especially the 
crinoids. In 1883 he received the Lyell medal from the Geologi- 
cal Society of London and in 1 885 was elected a Fellow of the 
Royal Society. His chief papers were * Notes on Kchinoderm 
Morpholog3% ' * On the Genus Actinometra, ' * Rej)ort on the 
Crinoidea dredged by the Challenger, ' * The Stalked Crinoids, * 
*The Comatulte,' *Ilej>ort on the Comatuhe dredged by the IJ. 
S. Coast Sur>'ey in the Cariblx»an Sea,* and numerous papers in 
the Transactions of the Royal, Linna^an and Geological Societies.*' 

Prof. P. Whitfield descrihes in Science, Dec. 18, the dis- 
covery of the remains of a mastodon on New York island, at the 
eastern end of Dyckmau's creek at its junction with the Harlem 
river, sixteen feet below mean low-water. 

Mr. J. W. KiRKPATRiCK I.N THE SAME NUMBER OF Science, de- 
scribes the finding of a nugget of copper, also northern boulders 
and strae, near Fayette, Mo. , near the central part of the state, 
the nugget weighing 23 ix)unds. 

The fourth annual meeting of the Geohkhcal Society ok 
America was convened at Columbus, O., Dec. 29, 1891. The 
acting president was G. K. Gilbert. The numerous articles read 
will l)e noted as they may be published in the Society's bulletin. 
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.VX EDITORIAL TRIHITE. 

Note. Th«» followiiiju: iiuMiiorial »*k«?tch «»f .\l»*xaii<l»»r Wino'iflL who dlwl tVliruar} Itf, 
IH91, In a tribute of th»> American (iEoUNM«T to a d*HM>aiMHl iiioiiilM^r of iti* pditorial corpK. 
As onf> of itit foanderrt and a» iti»z**HloiiK friend mid it^ iiu»Mt ablt* and v<diimliiouH writer, 
hii» memory and hii«(*miiiHiit t^nrvicHH in th«* infancy of th** nia>(azine can mont fittingly 
liM commemorated by thie ifkHt<'h of hi* life and work. At the name time thin account of 
one whoi^ name haw for the pawt forty year" l>»'en neen fre<iuently in geological, educa- 
.tional, philotophical, and even in th**ological litt*niturH, will xatinfy not <mly a demand, 
bat a jnat expectation which hai* often lieen ex pn^xed wince hit* death. We are con- 
vinced also that the readern of the (tRoi.<MiihT in general will take ph'ttKiire in receiving, 
in lieu of the mim>ellaneonH contributioun with which the (iEoi^tMiifiT uHually in filled, 
thin joint memorial of one whone voice, now silent for«»v«»r, th«»y hav»» many tinu»»» liennl, 
perhaps, either in theclaH<i room or on the public platform. 

I. SICKNESS, DEATH AND FI'NERAL. 

l*rolMi1»ly tlu» fii'st appivluMision of serious iKxlily ailment of the 
lute T)r. Alc»xaii(U»r AViiirliell, h\ others than himself and family, 
was ex|>erienctMl while he was in attendanct* at the Washington 
meeting of the (JiNilogieal S<K*iety of America (IKH'em1)er 2!)-'5U 
ISJIO), where he serv«Ml as the pn*si(Hngotfi<'er in the aliw»nee of tlie 
pn»Hident ( Dana) an<i of the tirst vice-president (XewlieiTV). Sevenil 
noticed the ashen hue of his conntenan(*e,an<1 those mure intimately 
ac((nainte<1 with him knew of a weakness <»f !iml>. an<i a shortness 
of breath with which he snlfeivd. He iM»rsistently adhere<l to the 
discharge of his duties, howevei*, in <'onnection with the (uHilogi- 
cal Society, whether of an official or of a siK'ial charcU'ter, and 
after adjournment he n*paired immediately to his home at Ann 
Arlior. when» he was inclined to remain until his strength should 
r<»turn. liavin*!:, ho>M*ver. so vend «*iigairem*»iits to lecture* he 
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remaiiuMl (luiet but a very few days, when he visited Highland 
Park (near Chicago) and Milwaukee, where he gave public lec- 
tures. Immediately on returning home again he entered on a 
course of four leotun^s on Krohitiou, delivered before the Geolog- 
ical Soc'ietv of Ann Arl)or. His weakness increased, and he 
could with ditticultv walk to the lecture hall in the Universitr 
buildings. The fourth lectun^ was never given, l^ecause the 
family physician, summoned against his protest, inter|K)sed, and 
]>efore he could \w. restore<l death had put his veto uiM>n it. 

The maladv with which he had suffered for manv vears. and 
which he fullv understcHjd himself, but never mentione<l to his 
family, cn^pt upon him very slowly to its fatal terminaticm. Hc^ 
had noted for several months tiiat he became easilv wearied 
physically. His breathing was difficult, and he had asthmatic 
symptoms. Nights he slept little, sometimes being compelled to 
rise in order to obtain relief from hard breathing, or panting. 
This he attributed to lieart disease, but still kept about his work. 
Finally, when confined to his room, and mostly to his couch, he 
wxs regretful of the time he was compelled to lose in that way. 
His mind apparent h' ran over the themes of his lectures, and he 
planned new topics. ^'You must not think 1 am idle, though lying 
here, ' said he, ^'for I have laid out two or three articles to lie 
written."' Later, the same day, he said: **I believe I can dem- 
onstrate* mathematically the necessity of a modification of the 
ne])ular hypothesis of La Place. '* .Still later he explained what 
he meant bv the modification which should be made in the nebu- 
lar hyi)othesis. •'! ]x4ieve I can show mathematically that each 
successive ainiulation was accompanied by, and caused, an en- 
largement of the orbits of every earlier ring; and that the various 
orbital diameters of the resultant planets have lH»en enlarged from 
time to time, or pushed away from the residual ma.ss." When it 
was n»marked to him that the La Placean hyjwthesis required a 
constant shrinkage of the central mass, having once been extended 
to the utmost limits of the solar system, and that by loss of ring 
after ring it had been rethiced to its present condition and size, 
**Ah well,'' said he, '-let those defend that who l>elieve it, 1 be- 
lieve tlmt, like an exogenous tree-trunk, the outer diameters can 
be shown to have lH»en enlarged from time to time. ' This seems 
to be a new conception. It certainly would have been embraced 
in his ''World Life. ' had it ever been presented before, but we 
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find iiotliing of it in that volume. The suorjrcstion seems to be a 
fniitful one, and may be established or refuted by some eompe- 
tent physicist. 

The immediate cjiuse of death was suffocation, superinduced 
by dropsical swretions which permeated his whole .system, and 
finally filled his lungs. The primary pathologic^ cause was aortic 
stenosis, by which the aortic orifice was so reduced that the neces- 
sary amount of blood could not pass it, deranging the whole cir- 
culation. The cause nt»xt more remote was a severe attack of 
^'inflammatory rheumatism*' in the spring of 180.'). and the origi- 
nal cause, as traced back by him.self. at the time, w:us long ex- 
|X)sure, in February, to cold in working in the Tniversity museum 
at Ann Arbor without fire. 

His old-time college friend, Uev. Wm. S. StudU\v, 1). D., of 
Evanston, 111., conducted the fun(»ral, and delivered an appro- 
priate and el(M|uent address.* Th(» burial was in Forest Hill 
cemetery, Ann Arbor, where four of his children had preceded him. 

His death brought forth numerous expressions of sorrow and 
testimonials of esteem, some of wliich were dispatched from 
points as remote as San Franci.sco and Hoston, and from several 
in Europe. One came from (Vntral America, bearing a sprig of 
edelweiss from the Swiss Alps. The geologists of the United 
States Geological Survey gave expressit)n of their sentiment and 
sympathy, in the following words: 

Wa8Uin<;ton, 1). ('., February 20, 1891. 

* ♦ * * By his unflagging devotion to science and his equally 
constant and successfal efforts to promote and extend beneficent knowl- 
edge among men, Professor Winchell justly won the respect and ad- 
miration of his fellow-students throughout the world; and by his per- 
sonal uprightness, the honorable motives manifested in his daily life, and 
his unfailing courtesy, he inspired the esteem and friendship of his pro- 
fessional associates in those scientific gatherings and institutions in 
which he always took so active and worthy a part. 

As students of geolog}' we deplore the death of one of the foremost 
geologists of the century* ; as personal friends we mourn the loss of one 
of the most highly esteemed in our circle; and in this, our common he- 

♦This address with several others delivered at a memorial service at 
the Methodist church, May 10, 181)1, has been published in pamphlet 
form. The **Unlver8ity memorial," embracing the address of Prof. M. 
W. Harrington, May <5, has also been put into pamphlet. The memorial 
address delivered before the Geological Society of America, in Auirust, 
18»1, by his brother, l*rof. N. H. Winchell, is included in Vol. In, of 
the Society's bulletin, together with resolutions adopted by the Society. 
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reavement, our hearts go out in 83'mpathy to the stricken family whose- 
sorrow we share. 
Signed : 

J. W. POWKLL, G. K. (TtLHERT, 

V. A. White, Arnold FFague, 

Maim rs Bakkk, S. F. Emmons, 

J. S. DiLLEK, W. H. Holmes, 

('has. D. Wai/^ott, C. Willari> Haykh, 

Wm. II. Dall, Israel C. Husseli., 

A. H. Thompson, Henry (tANNETT, 

Walter H. Weko, Nelson H. Darton, 

Bailey Willis, Garrick Mallery, 

W. J. M(<»EE, Henry W. Henshaw. 

The riiiversity Senate, Ann Aiiw)!*, adopt e<l a memorial ex- 
pression of the h)ss sutfeiv<I ]»y the rniversity, from which the- 
foUowin^ is taken : 

* * * * To some of his books it was given to guid^ to a degree 
rarely accorded to 1»ook8 In these days, popular thought on the subjects 
on which they treat. They have had an intluence which few scientitlc 
lH>ok8 have ever reached. They have not only made their author one of 
the most prominent figures in American science, but have made his name 
a househohl word in thousands of families. 

Hut we feel the loss of Dr. Wiiichell not only l»ecau8e of his eminence 
In his chosen field of work, but also because of his personal qualities^ 
He was a man of impressive ap|>earance and dignified bearing, a court- 
eous colleague and a faithful friend, and those who knew him Itest fouod 
in him depths of gentleness and affection which are found but seldom. 
He was absolutely unswerving in his allegiance to what he l)elieved ta 
lie the truth. With true scientific instinct he flrmlv believed that all 
truth was one, and he devoted himself for many years to proving that 
science and revelation could not be in conflict. His faith in ascertained 
science was no less unwavering than his faith in religion, and in earlier 
days when siurh an assertion provoked hostile and even bitter criticism^ 
he dared to assert and maintain that geology and revelation were lo ac- 
cord. I'nmoved by the storm which he had raised, finn in his convic- 
tions of scientific truth, and devout by nature, he then passed on to the 
study of the great problems of ereati(m -problems to which his deeply 
religious feeling, his love of nature and his natural bent and grasp of 
mind all irresistibly turned him. With a reverent but master hand he 
endeavored to lift the veil (»f the imst, to follow the steps of creation, 
ascertain Its laws, and follow its evolution. These were the problems to 
whieh he delight<Ml to devote himself. His other studies were only inci- 
dental to these, or to the duties of instruction. It was un<1er the inspira- 
tion of the«»e grand problems that his most intluential books werewritten^ 
an<l \\U most el(»(|uent iliscourM's delivered; and. as it happens, his last pub- 
lie leeture, the hist h'cture he was destine<l to deliver, when the feelde- 
ness of morrul disea^* was oven-ome by tlie inspiration of his subject, a 
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lecture which called together so many tliat his class room had to be ex- 
changed for University Hail— that Ids last public address was again 
devoted to one of the noble problems of creation. It was a fitting sub- 
ject for the last discourse, and a fitting close for the public life of so 
great, so able and so devout a num. 

A noble and striking personality, a man of great learning ami lofty 
ideals, has been Htrickeu down, and we grieve at his loss; a gentle and 
•earnest spirit has left us, and we mourn. * * * 

The rniversitv Musiciil Society, the Ann ArlM)r (Icolojrical 
Society, the Wesleyan (luild of the riiiverrtity of Michigan, and 
the truHtees of tlie Methodist Episcopal church at Ann ArlM)r, of 
iill of which he was president, adopted similar triluitt^s. The 
Hamilton (N. Y. )Th(H)lo*;ical Seminary and th(» l)aveniK)rt Academy 
of Science adopted resolutions of retjard and sympathy. 

The (fi?oh)gical Society of America, of which he was also pres- 
ident, at its mei»tinjr in the followinjr August, had an appi*opriate 
memorial address, delivered by his brother. Prof. X. H. Winchell. 
and adopteil resolutions presented l»y a committee, of whicli l*rof. 
Kdward Orton, of Ohio, was chairman. The address and resolu- 
tions are puldished in the Bulletin of the Society for ISIU. 

A multitude of tri]»utes from pers<uial and scientific friends 
were received bv his stricken family, but thev need not here lie 
further rt»ferred to. An extract from one simply will suftice: 

My admiration for him was boundless. He was the most learned man 
2 have ever met, and I preferre<l his scH'.iety to that of any other Ameri- 
<*an scholar. DinJutp Xttnmiu. 

II. rKRSOX.VL HISTORY. 

Alexander Winchell was lM>rn of parents in humble but com- 
fortable circumstances, December :U. 1S24. in the townof North- 
east, Dutchess county. New V(»rk. The ancestral homestead, a 
large frame farm-house, for many yeais ii.sed as a hostelry by his 
grandfather, (Vd. Martin K. Winchell, for the accommodation of 
the travelers who passed by the stage route lH»tween the Hudson 
valley and the towns of southwestern Massachusetts, still standing, 
is surrounded by an undulating nuuintain plateau forming one of 
the spurs of the Taconic mountains, and long known as Win- 
ohell mountain. His father was Horace Winchell. fifth chihl and 
thinl son of Col. M. K. Wiiudiell. His mother was Caroline 
McAllister, of Northeast, of Scotch-Irish ancestry, from the 
Protestant famili(»s of the north of Irelan<l. His fathers <lescent 
is traceable directly to Hcdiert Winchell, an Kny:lishman wIm» set- 
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tied at Dorc'liestor, Mass., in ](]!U, and removed with the first 
settlers to Windsor, Conn., in l*)!^').* His father died in 1873, 
at Lakevilie, Ct., at the age of 77 years. His mother still Hves, 
at Lynn, Mass., with her danghter, at the age of 85. Some of 
the dominant traits of Alexander's mental, as well as physical 
constitntion were derived from his mother. 

1S24. He was the tirst-ljorn, and nn<ler his father's fond tuition 
he reeeivcnl not onlv the first elements of his education but the 
earliest impressions of licmorable striving and achievement. His 
father and mother had both been teachei*s in the public schools of 
the town, and Alexander s training profited by that experiencre. 
On the day that he was seven vears old he recited, without mis- 
take, the entire -Multiplication Table" to twelves, and had com- 
pleted EnHi-HnHs First Pnrf of mental Arithmetic. When thrive 
months past ten he had been through Wllhtts Arithm/^tir (similar 
to l)alK)irs) and had trans<*ribed all the definitions, rules, prob- 
lems, and full solutions in a maiuiscript l)Ook, which is still ex- 
tant among his papers. This early bent for nuithematics re- 
mained through his entire life, and gave shape to numerous 
discussions and arguments. 

1S:{S. He was at first destiiunl for the profession of medicine, 
ami spent two years with a great uncle, Dr. (Mmrles McAllister, 
in South Lee. Mass., attending the '-Stockbridge Academy'' in 
the summer and the village school during the winter. The Latin 
which he had iM'gun with his father in 18:57. was here resumeil. 
In 184(1. being still too young to begin the study of medicine, he 
visited his parents, intending to remain a year. Having one day 
expressed to his father a desire to teach, though not yet Ifi^'ears 
of age. his father immediately responded that he would obtain a 
l)osition for him, an<l a district school was engaged, which he taught 
during the winter of 1840-41, his patrons supposing him to Ih» a 
youny: man of 21. Here oiu* of his amusements was the collection 
and solution of arithmetical problems. He began here the practice, 
continued ever afterward, of putting on record the results of his re4itl- 
iuiT and study. He luul already filled two volumes with arithmetical 
.solutions an<l rules. Here also he b*»gan the keeping of a diar3',and 
a strict account of expenditures, forming a habit which he never 
lost. an<l which furnishes the materials for this pei*sonal sketch. 
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1841. His foiKliioss for teacliing ]x»-ing coiifirmeil, ho engiiged 
another scliool for the summer of 1841. and <hiring its progress 
he pursued, at his leisure, the study of some higher mathematics. 
Day's Algebni he completed by himself, resolving every equation 
and problem, absolutely without assistance, and writing all the 
resultii in a biH>k. Before autumn he had also finishe<l Davies' 
Surveying, and then Flints Surveifing^ writing as before all the 
solutions in a l)ook. During the winter engagement of 1 841 and 
1842 he taught (Jummere's Snrveifuig. In March, 1842, he 
joininl the M. K. Church, in Pine Plains, Dutchess county, N. Y., 
and this memU'rship he maintained to the time of his death. 

1842. Hv this time he felt that the studv of medicine must Ije 
)>ostponed for a mon» extended course of preparation. In fact 
the resolution was virtually formetl to devote himself to the life 
of a teacher. In the summer of 1842 he took up (J reek by him- 
s«'lf. All this time he received spiritinl encouragement from his 
father, although he had now passed l)eyond the limits of his 
father's e<lucation. lie was working with Go<jdrich"s Firnt Les- 
MOHs, when Rev. Davis W. (Mark, then principal of Amenia Sem- 
inary (afterwards bishop) made his acquaintance and urged him 
to enter the Seminary, which he did SeptemlK»r 6, 1842. The 
winter of 1842-43 wjis, nevertheless, spent in tciiching a district 
sclnH)l: though he pursu(Hl by himself the study of the ^f'Jnnd, 
and of Sallusts i^itiUne. Astronomv, which he also studied, 
tired his imagination, and aroused latent perceptions which later 
1»ec*ame longings, and blossomed into In^autiful fruition in his 
World Life. 

1843. He rejoined his class in the spring of 1S43. and st<HMl 
with them th<» examinations in the studies of the year. During 
the winter of 1843-44 he was Assistant in the Seminarv in the 
Knglish department, in the spring taking Principal ("lark's classes 
in Algebra. His studies this term took a rt»markably wi(U» range. 
Besides completing his preparation for a collegiate classical course, 
he finished the '•teachers course " in the seminarv (including 
g*Hjlogy. mental philosophy. Palev's Evidnms nf Christinuitify 
and natural theology), and receive^l the diploma. He was vale 
dictorian of his cla.ss, antl a<*ted a part in a dnimatic sket<*h (writ- 
ten bv himself) entitled Till' lit iint of Ti rmr. There remain to 
this dav. amon<>: the older, andespe<Mallv anionjr the later students 
at Amenia Seminarv. traditions of the mathematical achieve- 
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ments of ''that 1k)v Wiiichell" (hiring tho last veur of his stiulv 
there. 

1844. Hi» wiis now prepared for eoUege. >)ut the difticuItieH 
that Ijeset a youth who at that time aiine<l to ac(iiure more than a 
common school education, if without means to meet the financial 
obligations, in any of the colleges of New Kngland. can ofily l>e 
onumerate<l bv those who have encountered them. His friends 
generally regarded the idea as chimerical. For a sustaintMl aspira- 
tion to secure the benefits of such a course he here acknowledji^c^ft 
himself indebtcnl again to his father, who was educateci at 
Phillips .\cadeniy. Antlover. and to his uncle. Abraham WinchelK 
who had n»<*eived a liU^ral education at Vale and Harvard. How- 
ever, in September. 1S44. he was matriculated as sophomore at 
Weslevan rnivei*sitv, Midclh'town. Conn. H(»re he encountere<K 
with indignation, the first check in his educational ardor an<l siic- 
<'e.ss. in a rigorous ••markiny: svstem." which at that time lai<l 
Special stress on the literal reproduction of the words of the 
text-lKM)ks. liike most of his class-mates — among whom wen» 
Kdward (Jayer Andrews (now bishop). Cornelius Cole (since con- 
gressman from California). Orange .Judd (benefactor of his alma 
mater antl long the distinguisluHl agricultund editor). Joseph K. 
King (the well-known president of Fort Kdward Institute) — he 
left the struggle for college honors to the very few who (*oiihl 
cramp their natures to th(» narrow conditi<»ns of succi^ss. Hen»- 
tofore he had always expected to win the first premium whenever 
a prize was offered for competition, but from college humors prof 
fered under so narrow conditions he turned in disgust, and he 
always r(»c<)llected with indignant condemnation the contract 1k»- 
tween this discipline and that more generous and encouraging 
which he had experienced at Anienia Seminary, under Principal 
Clark an<l .Joseph Cumniings. 

1X4.'). The winter of 1S44-4.') he taught the village sch<K>l at 
AVinsted. Conn., and in lS4r>-4(J he was assistant in Simmons' 
Classical Sch<M»l in his native town. He graduated with his chins 
in 1S47. lM'in<r assiofned tht» "dKUior" of the "modern cla.ssical 
oration."' His theme was Thr IhiifAjn-nuj of Italian Littraturr. Hi* 
then b<»caine teacher of natural science at IVnningt<ui Male Sem- 
inary. N J., where he futered with irrepressible zeal antl delight 
niMJU til** stuflv of tilt* flora of the vieinitv. bv the aid of that ad- 
mirablc work. !):irrmirt<»n's Ffnnt Crsfriiu, A>lhe >Iorse electric 
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telegnipli had just Ikhmi put in opcnitiou hetwtHMi Baltinioiv aud 
Washinjifton he set liimself to the task of pn)duein^, with his own 
hands, a working instrument, and tliough nothing lK»vond the 
fundamental principh»s liad been made known to him. he suc- 
ceeded iierfectly. At a public exhibition and lecture he em- 
ployed an alphabet of his own invention for transmitting intelli- 
gence* to the farther corner of the hall. Wy popular nnjuest this 
lecture was repeated. Here also he gave a series of i>opular lec- 
tures on astronomv. During this vear he devoted considerable 

ft c^ »■ 

attention to the study of Hebrew, uncU^r the instruction of prin- 
cipal Rev. S. M. Vail. The grammar used was that of Seixas; 
and Its no copies were found in the market, he did not hesitate to 
nmke a manuscript copy for himself. Years afterward, his 
honored instructor, remembering the incident, presenttnl him a 
printed copy. 

lH4r)-4!». He now began to feel that the field of mathematics 
was less spacious and inviting to enterprise than that of modern 
.science, and, declining the tutorship in mathematics tendert»< I him 
l»y pivsitlent Smith of AVesieyan rnivei*sity, and the offer of wm- 
tinued iH)sition at Pennington Seminary, he n»turned to the Semi- 
nary which had prepareil him for college, where he accepti»tl the 
chair of natural science. Here he gave his first pu])lic geological 
lectures. During lS4i» he made a thorough exploration of the 
flora of the vicinitv. With the small reflector of the institution 
he made some observations on solar spots, whicli were publisluHl 
in the New York Trihinn for November .'>. 1S41>. He lx»gan here 
also a series of metcH)rological observations which were reportinl 
to the New York regents, and published in the re|M)rt for 1S50. 
These and later observations are incorj)oi*ate<l in the (puirto vol- 
ume on New York mettH)rology by Dr. Hough. He wasmarriiMl I)e- 
cemlK»r 5, 1H4*J, to Miss .Julia F. Lines, of Ttica. N. Y.. who was 
the teacher of instrumental music at the Seminary. 

IS.'iO. In isr>0 he tiiinsmitted to the New York Hoanl of Re- 
gents his first contribution to science, being a Catttlngite of fthuttn 
foHinf tfrniriiiy iritlinut rnltiratuni in the riciin'fi/ of Ameiiiu Sem- 
inani.* In Julv. lsr>0. he nveived from his alma mater the <le- 
gi'i^ of imixtvi' nf arts, delivering on the occasion, by ap|>oint- 
ment. an oration on Worh. 

Having accepted the charge of an academy at Newbern. (Jreene 

*Reir4Mit't* Rep«»rt. IS.M, ]». -i.Mi. 
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Co., Ahi. , he presented his l)otiinieal collection, numbering 1,000 
plants mounted and labeled, to Amenia Seminary, and set out 
with his wife, October 5, 1850, for his destination in the then 
distant south. 

Here, with the expectation of a larger field for observation and 
study, he found the "Academy" wjus located in the wootls, in a 
small settlement, in the heiiil of the richest cotton lands in the 
state. It was materially unlike the situation which his imiigiua- 
tion had i)ictured, but with the coi^jieration of his wife, ami with 
the calculation of eclipses for an amusement, he entere<l upon the 
work of ''building up" an institution — and not without some suc- 
cess, but the beginning was too small to suit him; and, having 
yisited Kutaw, in the same county, for the purpose of purchasings 
.some unused aj)paratus from an inanimate institution, he was 
induciMl to change his plans so far as to use the apparatus where 
it was, and attempt the resu.scitation of the institution. Accord- 
ingly in the spring of 1851 he opened the '-.Mesopotamia Female 
Seminary." with a full corps of a.ssistant teachers, and the usual 
paraphernalia, accompanied by the seductive announcements suited 
to the occasion and the latitude. 

1851-52. There had always been an unrealized vision floating' 
lu'fore his mind, of a course of scientific investigati<m. Here he 
entered with zest upon its execution. He fitted up a chemical 
lalM)ratory, and, making some (piantitative analyses, they were 
published in the Kutaw papei*s. He had already communicateil 
to the Amtrirnii Juunml of Srimcf mid Arts notes on the cold of 
♦January at Kutaw. Ala., and on the aui*ora borealis of Septeml>er 
2\K 1851. He also opened corres|K)ndence with the Smithsonian 
Institution, and, kindly encouraged by Prof. S. F. Baird, a.ssist- 
ant secret4irv, busied him.self in making collections of plants, ani- 
mals and fossils. During 1852 he transmitted to the Institution 
a iargi' collection of plants and a considerable number of alcoholic 
specimens and preserved skins. Among the fishes was a new 
species, afterwanl describe<l by (lirard as Hybopsis winchelli. 
The Cretaceous formation of his vicinity interested him excised- 
ingly and he made a faithful study of Chmtnir Bluff, on the 
Black Warrior rivei*. the results of which he communicated, 
through Prof. Baird, to the (Mcvelaii<l meeting of the American 
A>socinti(»n for the Advancement of Scienc*'. in 185:5. This was 
the tir^t Ncieiititic <le>cription of the locality. Some of the 
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scientific papers published in tlie Kutiiw journals in 1S51-52 and 
1853 were aw follows: YtUow Rain^ in which he first announced 
the nature of the sulphur-like substance appearinjjj in little pools 
after a spring rain. By chemical analysis and by microscopic 
examination he proved it to 1h» pollen from the pine regions of 
the (Uilf l)onier. Other topics were Vmomoits tSfrpents: Analy- 
sis of Artvsinit W(it*'r; On the Use nf green wo(mI for Fnel ; Ex- 
mninntion of '^Sftndi/ Land" Soil: The Gnrpike. 

1H5*{. In 1853 he had the satisfaction of witnetising the veri- 
fication of his first geological opinion, ventured on an economical 
(piestion. Artesian wells were extremely common throughout the 
region south of Kutaw, and it was much desired to have such a 
well in the village. He pronounced again.st its ixjssibility, basing 
his judgment on the fact tliat the water-bearing stratum at the 
Iwttom of the l.'^j)per CretactK)us outcropped half a mile south of 
the village, while the Lower Cretaceous was com|)osed chiefly of 
non-i)orous, argillaceous lH»ds. The authorities, nevertheless, ex- 
pended a tlumsand dollars in an unsuccessful experiment. 

In July, 185.*5, he made the ac(piaintance, at the '•Commence- 
ment" of the rnivei*sity of Alabama, of Prof. M. Tuome}', who 
prove<l a valuable friend. Here he saw for the fii*st time those 
chissical works for the southern geologist. Morton's Synopsis of 
the Cretaceous system of the United States, and Conrad's Desrrijh- 
tiou of Tertiary Shells. The former he transcribed for himself, 
and returned to Eut^w with new impulses toward investigation. 

Successful management of a southern female institution of 
learning required, at that time, a large amount of personal s<jlici- 
tation, and much pandering to the southern love of display. To 
this he couhl not willingly stoop, even had he not cletermined to 
<levote his vacations to scientific work. Partlv for this reiison, 

ft ' 

and partly for reasons for which he was not responsible, the sem- 
inary did not prove as prosi)eix)us as might lie desired: and, hav- 
ing btjen electe<l president of the '^Masonic Tniversity" at Selma, 
Ala., he sold out his atfaii*s at Kutaw, and in .Julv, 1S5.*5, entered 
a new field. 

Armed with a -Prospectus," he started out, with a horse and 
buggy purchased for the puri)ose, to spreatl the claims of the 
University In^fore the people of southern Alabama. The unan- 
nounce<l secret of the expedition, however, was the purjKise to 
make it a yeoloijieal tour. Not neglecting business interests to 
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any jrlaring extent be traveled by Cahaba. Pniirie IMutf, Clai- 
Ijoriie and tbe Zeuglodou locality in Maeon county, as far an St. 
Stephens on the Tom]»igbee: and thence l)y Camden and Allen- 
ton, on the east side of the Alabama river, to Selma. No richer 
or more attractive region was ever open to the gt^ologist. He 
stooil where the veteran gt»ologist Conrad had stood: he studietl 
where the distinguished Morton had studied: he exploreil the 
hole where Dr. Koch had exhumed his Ifijdrnrrhos.MiiX picket! up 
the vertebra* of that serpent- like cetacean with his own liands. 
lie gathered large (juantities of Cretaccnius and Tertiary fossils, 
and from Clailx)rne he shipped two barrels full to the Smithsonian 
Institution. The yellow fever was raging in Mobile, an<l ha<l 
almost reached the districts which he visited; but a dilTerent fever 
was raging in his veins. At ClailKirne he collected a (plant ity of 
undescribed fossils from the lowest beds of the Eocene, and (ixeil 
the northern limits of that formation twenty miles further north 
than had been mapped by 'J'uomey. For miles south of Selma 
he saw the fields overstrewn with Jlipfunltin which the planters 
profanely burned into linu' — as in Macon county they were usin^ 
the precious vertebne of Zeuglodon for "dog-irons" (andirons), 
stiles ami gate- weights. His collcH'tions arrived at Selma in gcxxl 
condition, ami he devoted the remainder <»f his vacjition to assort- 
ing and determining them. 

The collectioDH sent to tlie Smithsonian Institution were highly appre- 
ciated hy Prof. Haird, who wrote, December 2(>, 1853; "The collection of 
tisbes is magnificent, nearly all undoubtedly new, si.x species of PomoUn 
alone, cannot give complete lists at present as the Ejenera, even, of some 
are indeterminable. The whole is the richest collection we have ever 
received from the soutli. ♦ * * Unless I much mistake you and 
your abilities it won't be many years before you will be called to a bi^ 
professorship somewhere north or east. Mark my words for that " — 
Nine days after these words were penned he was elected to a chair in 
the University of Mhhiiran. 

It will illustrate how lonir the scientific investigator must wait, some- 
times, after the seed is sown, before he caa reap his harvest, to note that 
the geological specimens (collected on this southern Alabama trip in 
185JJ, and sent to the Smithsonian Institution, were investigated first in 
18S0, when Dr. ('. A. White took them in hand, and among others de- 
s<Tlbe<l AV///////V/ if'nit'/itffi from those sent from Prairie HbifT, on the Ala- 
l»ama river.* 

♦PrcK'eedings U. S. Nat. Mus., 20 May. issu, p. 2*.»4, pi. ii. figs. 2 and a, 
an<l pi. Ill, ligs. 1 and *; also Annual n*port of the llayden Survey for 
\xiVt, pi. \m, fig.-^., 1 a, b, c,d. ('<»inpare the Annual Ueport of the Institu- 
tion, 1S.VJ, pp. 51..V-\:»7. 
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Tho ••I'niversitv ' opened with oiicou raging pmspects; hnt 
witliin a few days the yellow fever made its appeamnce in the 
city in a very malignant form. Half the population fled; the 
institution suddenly suspended operations. X^o deaths oecurre<l 
in the house whei*e he, with Wife and little daughter, was residing, 
but he and his family remained at their post. In Xoveml>er lie 
rectMve<l a letter (date<i Novemlier IH) from president Tappan of 
the l^niversity of Michigan, announcing his election to the chair 
of ••Physics and Civil Engineering* in that University. This 
position he (juickly accepteil, and the Masonic rnivei*sity was 
almndoned for a long vacation. Ilis fossils were packed for the 
journey, during tlie long, silent and solemn days of visitjition of 
the yellow fever. 

Before leaving the state hi* paid another visit to Prof. Tuomey, 
taking with him a trunk full of fossils, from which Pi-of. Tuomey 
was permitteil to retain all he chose. Among them were the un- 
descrilxnl Kocene fossils from Allenton. These n»mained in his 
hands awaiting attention until the federal army visited Tuscaloosa 
during the war, when, with the treasures gathereil by Prof. Tuo- 
mev himself, thev were devoted to destruction. 

1854. He entereil \\\yo\\ his duties at Ann ArlK)r, the 24th 
day of Jan., 1854, at the full professors salary of $1,150 j^er 
year. His family who had visited in Ttica, N. Y., jointMl him a 
month later. 

The work of the chair devolved \\\h)\\ him a large amount of 
prepanition. Instruments and apparatus were wanting, and he 
visiteil New York to make purchases. Xo gWKl elementary text- 
books in civil engineering were in existence — a deficiency s|>ei*ially 
felt in the department of railroad surveying. He was obligiHl to 
c*ompile and originate matter and metluxls: so that within a year 
or two he had wrought out the material for an original work on 
civil engineering. As a bmnch of physics he atten<le<l to the 
keeping of a complete* series of mete<jrological ob.servations 
which, while he hehl the chair, he reiM)rtc»<l to the Smithsonian 
Institution. 

The State Agricultund College of ^Fichigan. then lately estab- 
lishcMl, had not yet l>een definitely locat(Ml. The qU(*stion of site 
had been referred l>y the FA^gislature to the <»xecutive conimittee^ 
of the State Agri<'ultund Society. Seeing that they w(»i*e about 
to <lecide. if they Inul not already decided, on a l<K*ation in the 
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unsettled interior of the stute. he drew up a eoniuiunication on 
the subjeet. a(klresse<l to the executive committee, urging reasons 
for connecting it with the State Univei*sity. The argument did 
not prevail, but tlie paper was published bv tlie State Agricultural 
Societ}' in its rei>ort for 1S54. 

During tiie summer vacation of 1854 he made some excursions 
in company with Profs. A. Sager and Charles Fox, for the pur- 
pose of making collections in natural history. A specimen of 
shell-marl collected was analyzed quantitatively, and tlie results 
published in the Michujun Fnrmfr, He gave a good deal of study 
to the land and fresh-water-shells of the state, as well as to the 
reptiles and fishes. 

1855. In the spring of 1S55, he became enlisted in an effort 
to found a state Natural Historv Societv. in connection with the 
State Teachers' Association, and read a paper, — published in the 
Mtcliigan Joiinml of Edncntitm for March. 1855 — On fhr Pursuit 
of tlie Naturtil IScuucch. He also published a scheme of o|>era- 
tions proi>osed. But interest in such subjects was at a low ebb, 
and the organization was so loose, and scattered, that this project 
never produced much fruit. During 1855, Prof. L. Agassiz' 
prospectus for a voluminous work on the Naturnl History of the 
United Stales was issued, and through personal reijuest Prof. 
Agassiz appeals were addressed to the public by Prof. Winchell 
through the papers of Kutaw, Ala., and of Ann Arljor. In 
August he made a railroad survey from Ann Arl)or toward Jones- 
ville, as far as Manchester. 

On the basis of an understanding reached, on his assuming the 
chair of "Physics and Civil Engineering, " the University created, 
this year, the chair of "Geology, Zoology and Botanv;' and to 
this chair Prof. Winchell was transferred. The meteorological 
instniments which he had purchased and used, impelled by his 
interest in natural physics, were surrendered regretfully to his 
successor. Prof. M'inchell had indeed kept up a continuous series 
of observations ever since 1S48, first at Amenia, under instruc- 
tions from the New York Kegents, then at Newbern, Kutaw and 
Selma on the blank forms of the Smithsonian Institution, and 
lastly at Ann ArlM)r. He still continued, however, with his own 
instruments, the full series excepting the barometric records. 
The habit established of rejjular observations of the weather is 
traceable even throuijh the last weeks of his life, since his diary 
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Hourly iilwuys records tlio niorniiiji; teuiperature, and also makes 
mention of all extraordinar}* nietcH^rological oLanjrc'!^. His Ann 
Arbor observations were finally worked np under the auspices of 
the Smithsonian Institution, and also bv himself in connection 
with the geological survey of the state. 

185G. He read a paper, in 1851), l)efore the State Teachers' 
Association, On tin' impni'tmn^ it/ the tStuifi/ of Natunil Ilt'gton/^ 
in wiiich he advocated the introduction of these studies into the 
Union schools and the lower classes of the colleges. He read 
also papei*s before the American Association for the Advancement 
of Science, at Albany, N. Y., on the Gcoloytf of Middle and 
Sonthrn Ahilmnm, and Stutistirx of some Artesian treJls of Ala- 
hama.* Much attention was given also this year (1850) to micro- 
scopical studies; and a large number of drawings in colors were 
executed with the camera liicida. 

1857. In the early part of 1S57, he contributed, by invitation, 
a series of seven articles on Popular EduratioH, under the signa- 
ture of *'Scholasticus, " to the Detroit Tribune. In one of these, 
having animadverted on the <• Prussian system. " president Tap- 
pan put m a reply, extending over several numbers of the paper. 
It was stated at the time that the first articles emanated from the 
president of Kalamazoo College, Dr. Stone, and that presi<lent 
Tappan imagined liimself replying to him. 

At the recpiest of Mr. H. F. Meek he made out a general table 
of the CretactK)us rocks of Alabama, which lias entered perma- 
nenth' into the literature of the Cretaceous system.! He pul)- 
lished this year also AGnidcto the Pronunciation of Scientific Terms 
— a pamphlet intended for his own students, but which had quite 
a circulation among scientific men. until the edition was exhausted. 

During the summer of 1S57 he made a minute microscopic in- 
vestigation of Lnmhricnlnx, with colored drawings and descrip- 
tioiLs. In the autumn and winter he drew up a detailed descrip- 
tion of the osteology of Marohranchns {Necturns) lateralis. He 
oi)ened in the autumn a class in comparative osteology, which was 
attended by al)Out eighteen students from the Medical College, 
besides those from the Literary department. In subsecjuent years 
the professor of anatomy instituted a similar course for the medi- 
cal students. 

♦See Proceedings, pp. 8*i aD<i 94. 

fSee Proc. Acad. Nat. Sci. Philadelphia, May, 1857, p. 126. 
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IS'iH. During llu» \vintt»r of 1S57-5S ho dolivored a series of 
piihlic lectures, by nHjuest of the Younjr Men's Association of 
Ann ArlM)r, in tlie hall of tlie Tnion sehool. Kxcept the public 
j^eolopeal h»etuivs of Dr. Uou^hiss Houghton, in Detroit, this was 
the first presentation, before pnbli<* audiences of the state, of the 
|H)puhir truths of geology. The final lecturt% entitle<l, Cnatioa 
the. irorh' o/' on*' lutvlllifrnrr, and not thv l^rotlnrt of Phyairal Forrr*^ 
wiis published in pamphlet form by the Association. This wan 
inspired, confessedly, by Ajjaasiz* splendid Esaatf on ('InsHSjica- 
tion, in the s4Mitiments of which he felt a profound sympathy. 
In May, 1K5H, he published, for the use of his students a Siftiojh- 
tint/ n'rw of thr Snrrtttm'on of Oi'ifunir Tt/ftts, which went through 
three editions. He carritHl throuo^h the Michigan Jonrnaf of Edu- 
cation a seri4»s of nine |)opular artic»les under the general heaciin^ 
LraifM fi'oni thf JlooL' of Xotnrr. During the summer he visited 
Missouri, and held a q nasi -<»onnect ion with the geological sur>'e\' 
then in progn^ss under Pi*of. Swallow, sen<iing to the Ann AHior 
jMi|HM>4 some a(H*ount of what he .saw. 

IS'ilK In January, isr)!l, he nuMuorialized the Stjite Legisla- 
ture <ui the subjt»ct of a gcH>logical survey (House DcK'un^ent No. 
211): and the survey having lHH>n (irdennl he was commissioned b^* 
(lov. Moses Wisner, as director. On the Kith of May he set out, 
with a (*amp-outfit and <uu' assistant, A. D. White, for the p€>r- 
sonal examination of the southern portion of the Lowt'r IVui insula. 
He served this year also as tslitor, and against his will, as pub- 
lisher of the Mivlutinn Jonrnaf of Ednvation, to which he c*on» 
tributed numerous articles and criticisms — among them a ^>opular 
solution of the (H»lebnited •l^endulum Problem. ' As president 
of the State Teachers' A.sso<*iation he managiMl its interests, and 
delivenMl the aiuuial address on }\Uat (^lanttitntm tia Snvrrnufnl 
Ttarht r. In OctolH»r, having, during the season. studied the geo* 
K>gical n»lations of the various brine springs of the .state, he pul>* 
lished, in one of the tJniml Hapids |>a|HM*s. a genend conclusion 
fnun which he never had occasi«>n to i*cce<lc. He discounigtHl the 
attempt to pntducc salt at tJrand Kapids. His exploration of the 
Sasrinaw region enabUMi him to hK*ati» the salt formati<m at the 
depth of «».'><» UhA iH'ueath Kast Saginaw This was lK»fon» the 
fii"^t wrll was Inirod. Kxp<'rimcnt rcvoaled tlir existence of a su|>- 
plv of ]»rinf at IJ H feet. A^. diirinij the sanu' season, he had t«> 
iivtT'^t't' th»' I'nH'lion of his iu«w ro*»i<len<*«'. rostinu: alMUit ten 
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tlioiisand dolIarH, it ift apptirt'iit that this was a year of unceasinjj 
activity. 

ISOO. In 1800 the work of the survey called him to spend 
most of the summer season in camp around the lake shores. He 
was able to col^rdinate the salt wells at different points along the 
Saginaw river. The leisure of the yejir was occupied by paleon- 
tological investigations. 

ISlIl. His Re f tort of J^roffrtss nf tlu Geol(njical Snrvvif^ an 
iK'tavo volume of \\)\\^ pages, was publisheil in August, 1861. 
In this he fully anticipated the vast development of the salt inter- 
(»st in the Saginaw valley. In conseKpience of the outbreak of 
the war the liCgislature made no provision for the continuance of 
the survt'V, but the paleontological investigations were carried on 
privately through the year. As with all surveys the Michigan 
survey entailed on the director a burdensome correspondence relat- 
ing to |M>ssibl(» an<l projtH'tiHl economic measures in various parts 
of the state. One oidy need here be mentioned. To an appli- 
cant for information respecting the existence of gypsum in the 
vicinity of Tawas, he indicate<l a ridge near the lake shore, which 
he had inspected during the seascm's examinations (not the well- 
known <»utcrop by the waters edge further south) as a locality 
containing probably a large supply of gypsum. Some experi- 
menters had already pronounced the loculitv barren: but his cor- 
resj>ondent. taking a location for the price of an old gun, sold it, 
after the discovery of 18 feet of pure gypsum, for some thou- 
sands of dollars. On this siK)t hius since Ikhmi developed one of 
the finest gypsum (puirries in the world. 

18t»2-«>.'». His special paleontological stud>' was <iirected 
towanl the series of strata which he ha<l tlesignated the '-Mar- 
shall gi*oup, ■' a ('arljoniferous assemblage which had been regarded 
by American geologists as the e^iuivalent of the New York 
Chemung. He published a communi(*ation on these rocks in the 
Amer. Jour. Sci. [2], vol. xxxni. p. IJiVJ, which contained his 
first descriptions of new siM»cies. Further descriptions were pub- 
lished in the Proi'eedings of the Acad, of Nat. Sci. Phil, for 
Sept.. p. 40.'). He also published an article in Hunt's Merchants' 
magazine for September, on Thf Snft MaHiifnrtnrcttf thf Saginmr 
VaJUif Researches in the Marshall group were continued through 
18(>!i. and the following articles were published: On the Lhtitifira- 
tioti nf' tht i^itHk'ill Jirtf Handatont *fnnip with the Chtiimny (Am. 



Jour. Sci. [2]. XXXV. «il». Df**'ripfi*tHi *»/ f*j**lU fn>ui th* Yrl- 

toii, loirn. (Proe. Acad. Nat. Sci. Pbil. Jan. 1S«k>). He also 

the Cniversttu ttf Michitimt. «ranatliaD Naturalist. <Jctol>er. 1863. 
p. :598. ) He als<3 investigatei! minutely the -KMiern- slug.* 
O'lnmfi'ia rtntsi. ami his n»j)on was juihlisheil in the Pnx*. Boh. 
Soc. Nat. Hist.. Feb. lSt;5. 

18(U. In IStU he made a «lelaile<l study of the •Curniiit 
worm " mien>sci>|>ieally and emhnologically. The results were 
publisheil in the Hetmit Fnt Frtss and repuhlishetl in the Amrri- 
rfiH Jnnnml nf Sri^ „rf , Septeiuln^r. 1^«)4. The following further 
papeiN were puhlisluMl this year. Fojtsifs /r*nn th» Ptttsthtitt Sonti- 
sfont ft/ WisrnHsin mul Lnh* ^ffjn ri'u- < Amer. Jour. Sci. [2J 

XXXVll. p. 22<»): y^fir* *tt *i Mnttttnlnn nrmthf ifisrovt'i-'if itt 
Mirhiijiin. \h. [2) XXXVlll. p. 22o : /h Mrripfion it/ a *jurpik'f 

sHppost'I fn ftt <;/ »r n^epiilosteus (HMilatus). (l*nH:*. Acad. Nat. Sci. 
Phihulelphia. Aug.. I8l>4): Gfuhnjiriif inrtft tt/ Mirhi<fiiit: On the 

nn'f/ifi Iff tin lentil its itf' th* Mi<!<i<'<i f^pi t'nlhtf (Am. J<.»ur. Sci. 

[21. XXXVlll, p. :{:{2). 

lH(;r> In Jaiuiary. 1865. he delivennl an addn»ss at Lau.sin^. 
iK'fore tlu' Kxeeutive CommitttH* of the State Agricultural Society, 
on Th' sniis timl snlisoi/s nf' Mnhnjnn, which was publislietl hy 
the CfHumittee in pamphlet form. In this he insiste<l on tbe 
agricultural value of the -piiu' lands " of the state, and ix>int4Hi 
out the existence of a larire calcaiinnis t^uistituent in the saiidv 
soils alM»ut (Jran<l Travei*se Uay. He c^mtinutHl his investigation 
of the fossils of the -.Mai'shall gn>up. 'and puhlishiMl another 
series of desiM'iptions i»f new s|HK*ies in the Pnn*. Acad. Nat. ScL 
July, lS6r». AlM)ut this time his attention was much taken up 
with the phen<»nu'na of oil wells, and he was called to many aii<l 
distant places for tin* purpose of making surveys. He visiter! 
ami studitnl. in this wav. all the oil-priMlucins; n»iri<>ns i»f the 
I'nited States and Canada: and a large numlH»r of his rei>orts 
were [»ul»lished hy the pn»prietoiN in separate pamphlets. He 
wrote numerous articles also on these suhjei*tj* f<»r the puUic 
jourmds. 

It wjis in Kcl»ruarv and .March of IStir) that the ireruis of the 
mahuly which finally causisl his death, were made apparent in an 
impairment of his general health and rheumatic pains. On tlie 
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invitiitioii of Prof. James Hall, he visited Albany, c*aiTvin«>: along 
with him a '^trunlcful" of fossils for mntnal stndy and compari- 
son in Prof. Halls lalx)nitorv. Simultaneouslv with the com- 
mencement of preparations for this trip, according to his diary, 
rheumatic pains were perceived in various parts of the lK)dy. 
These were attributed to having taken a bad cold through ex|>osure 
in the Museum, where he had to work without lire. Once onlv 
(February 14) while at Albany, he notes • continual Huttering and 
palpitation about the heart. Hal's ring. Stomach impaired. No 
<liftlculty in drawing a long breath."' Repairing to his fathers 
home (Lakeville. Conn.) on February IG. he became much worse 
and passed through a severe siege of intlammatory rheumatism, 
under the faithful nursing of his mother, leaving there again for 
Albany on March l'), and reaching Ann Arbor, March 22. Al- 
though his rheumatic pains ceased gradually, the cardiac mani- 
festations were kept up, and increased alarmingly. His diary for 
the next two or three vears is burdened with references" to the 
'^thumping" and the • -.spasms' ' which he constantly experienced 
iilx)ut the heart. He c<insulted Dr. Abram Sager soon after 
returning from Lakeville. and from his treatment he experienced 
some temporary relief. He carefully analyzed his own case, and 
the following may be taken as samples of many passages in his 
diary written when, at iii»xington, Ky.. he was inaugurating, un- 
der Regent Bowman, the courses in natural .science, at Kentucky 
University. For yeai-s. and apparently until he was wholly in- 
capacitated by the encroachment of the disease, he lived with the 
impending probability of sudden death constantly before him. 
After considering the (piestion whether the peculiar sensations he 
felt might not be centered in the .stomach instead of the heart, he 
writes : 

Be that as it may the (*irrumstaDce8 have been such that I have been 
led to think much about the probable shortening of my life. Xo one 
can think of death without some shriukiog back. To go out of the 
world Into the untried UDcertaioties which lie the other side of death is 
a serious business — to drop half-tioished plans— to leave life's work but 
half completed— above all to leave a little destitute family- -to break 
their hearts with bereavement —to leave my little daughters to the trials, 
griefs and e.xposures of an orphan life— poor, education and accom- 
plishments not yet secured -Oh, this is trying. But it is after all for 
them rather than myself, that regret arises. As for me— the individual — 
I must die sometime, and the uncertainties of the future will be as great 
twenty years hence as now, and so far as regards nature's reluctance to 
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jro down into non-existence. I have no desire to postpone the day. For 
the world's sake, for my name's sake, for surviving friends' sake, I had 
hopped to d) more for humanity, more for science than I have, I seem to 
l»e now preparecl to lal)<»r efficiently in the field of well-doing, I had 
hoped to complete my work on Natural Theologj' — my Geologic Age^ 
and my Physiological Zoologj'. And then I am half prepared to moQO- 
irraph the horizon of the Waverly sandstone. Would that I might be 
spared to do that. 

But there are real attractions on the other side of the dark river. I 
dailv see. in imairination, mv little annel trio standini: hand in hand and 
looking longingly toward the shores of earth and wondering when pa|>a 
will come. Oh, if I ronltl feel the firm aasurarwe that I should meet and 
know them there, I should cast every regret aside, and joyfully, joyfully, 
await the dav. It mav l>e that 1 can attain to this assurance. I under- 
stand that others have enjoyed it; and I pray Go<l his spirit may guide 
nu* to the same acquisition. (26 Jan., IH^JT.) Again he writes (Feb. 1 1, 
'*»7«: The other night as I was lying in bed and considering what could 
b*' the nature of the phenomenon, I concluded the most probable expla- 
nation is this: The spasm occurs during the time of contnu^tion of the 
ventricles, as is shown bj- the suppression of the pulse, and by the failure 
of the sharp, '^deep" sound caused by the closing of the mitral valvee. 
It mu>t be then that the mitral valves do not close when the ventricle 
contracts, and thus tiie blood from the left ventricle instead of being 
thrown into th»* aorta is forced back into the left auricle, meeting the 
blood ju>t entering that auricle from the polmonarj' vein. This sudden 
and unusual infiux of blood from both directions into the auricle pro- 
<iuces a concussion and distension of that auricle and possibly an un- 
usually spasmodic struggle of the whole heart. As the right auricle is 
situate<] near the centre of the thorax and contiguous to the stomach, 
the unusual movement which it suffers is felt bv the stomach, and thus 
that oriran seems illusorily to be the seat of the abnormal action aa it is 
the seat of the sensation. 

Hut in reference to this explanation it should be marked, 1. A regurgi- 
tation of the blood into the right auricle and a prevention by this mean:* 
of the contents of the pulmonary vein from proceeding forwards would 
result in a momentary congestion of the lungs, which should be infll- 
<-ate<l by a sense of suffocation. 2. As I have never experieaced symp- 
toms of any real infianimator}' action in the heart, or the region of the 
lu'art, and have never even suffered any pain except occasional wander- 
ing or shooting pains, wliich many times were seated in the muscular 
layers of the chest, I do not perceive it i>ossible (aside from the exist- 
ence of the spasms), that any such disease has existed in the structures 
of the heart as to cause an alteration in the constitution or efflciencv of 
the valves. :•. Then* exists tlierefore room for some other explanation 
of these al»nornial syniptcuns. At the same time irregular or intermittent 
action of the heart is caused frecpiently by the state of the nervous sys- 
tem: and at tlie same time these spasms and the pathological condition 
on whieli they depend, produce no perceptible infiuence upon my health. 
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On the whole, therefore, I am left in a state of nncortainty as to the 
fact of valvular disease. 

Two things I have neglected to mention. 1. These sensations are 
about the same as are produced by a sudden shock- -as when a window 
falls, or a door slams, or some person suddenly starts up before one. 
This would affiliate them to nervous affections. 2. OccaHlonally, lately, 
when lying quietly in bed, listening to the sound of the heart, I have 
fancied that the "deep'' sound produced by the closing of the mitral 
valves is not as sharp as it used to be — but sonM'what softened and pro- 
longed. This is as I believe it should l)e if there is an imperfect closure 
of these valves, and some of the blood regurjditates into the auricle. 
But if this is the constant mode of action I am sure some impression 
should be made on my respiration, wh'ch I have not yet detected. I 
breathe as long as ever, and I am no more in(*lined to pant than ever. 

In hypertrophy of the heart, the ventricles, from over nutrition, lose 
the requisite capacity; but so far as I can see this would result only in a 
more sluggish circulation of tlie blood, producing a sense of faintness 
and suffocation — instead of irref/ulariti/ in the pulse. 

1866. He applied himself. liotwithstaiuliiig these soleiiiii pre- 
monitions, and perhaps partly through the sense of the brevity 
of his remaining years, to his duties and to all bis plans, with 
great diligence and effectiveness. In 1S66 he published, in con- 
nection with Prof. Oliver Marcy. who supplied most of the speci- 
mens, *'An enumeration of fossils in the Niagara limestone, col- 
lected at(!hicago, III., " with two lithographic plates of illustrations 
drawn by himself. This contained descriptions f>f numerous new 
species. He made this year an economic survey of the Grnml 
Traifrs* reyion, cm which he published an octavo reiM>rt of S2 
pages, with a map. In an apiM*n<lix of 20 pag<»s were embraced 
<lescriptions of a considerable number of new species of fossils. 
This reix>rt first bnmght to notice the remarkable influence of 
lake Michigan upon the climate of the region, and the wonderful 
capacity of the latter Un' agricultnral and horticultural produc- 
tion. The statements of the report aroused the incredulity of 
some of the state officials, and an independent survey was nmde 

which fully confirmed the re|>ort. He read Inifore the American 
Association at Buffalo, a paper on the Fruit-lmininf h*lt nf Mirh- 
it/tifi, in which, as in the reimrt, he brought statistics toexemplifv 
the hitherto unexpecte<l influence of lake Michigan in ameliorat- 
ing the winter climate of the state of Michigan and pndonging 
the growing period. Uv read at the same meeting a paper on 
StTOiimtopnrithf^ ill which he <lescrilHMl two remarkable new genera 
of fossils, and establishe<l a new family. 



^2 The Aineriani Geologixt, February, \^l 

llavino: declined the ehair of (ieology, Zoolotry and Botany in 
Kentucky T^niversity. lie was induced to accept a three- months 
winter enofa^enient. and accordingly attended the Commencement 
in Jnhe, and delivere<l an i nan gursd address ^wXWX^iX A plea fnr 
^rinict'^ which the autliorities published in pamphlet. In Janu- 
ary, 18()7, hc» entered upon the teniiK)rary engagement. He was 
unwilling to sever hi*^ connection with the T'niversity at Ann 
Arlmr. lie also served the Kentuckv Tniversitv in 1808, and 
Regent liownian now pressed upon him unsuccessfully the presi- 
dency of the Agricultural college, which at that time conduct e<l 
nearlv all the scientific instruction of the Vniversitv. AlK>ut the 
same time he decline<l also the presidency of the University of 
Gi»orgia. 

1S()7. During the year IStJT he contributed to the NortlnceM- 
rrii Christ inn At/rortitt', published dt Chicago, by special request 
of the editor. Dr. T. M. Kddv, a series of twentv-two articles en- 
title<l Clniatiiin Tlnnlmjii ill itafntfrtl from Xattur. Dr. Eddy had 
witnessed his method with a so-calle<l '-Bible (Mass" at Ann 
ArlK)r. and desired some of the results spread before the readers of 
the Af/rnrah . The fundamental conception of this series of articles 
was the harmony l)etween the indicatKins and doctrines of science 
and the central doctrines of the Christian religion. The scope of 
the discu.ssiou appears from the following analysis of the course: 

Inthoihctory. 

I. Nature auil scope of the subject. 
•2. Nature of the two revelations. 
'•). Harmony of the two revelations. 

TUK KVISTENCKOK DEITY. 

1. Human conception of Deity. 

2. Direct evidences. 
The iMTY OF Deity. 

1. Harmony of creatitm in reference to space. 

'2. HarmoDv of creation in reference to time. 

'I Harmony of creation in reference to plans. 
Divine omxiscienc e ani> omnipotence. 
Divine henevolen* e. 

1. Indications of divine benevolence. 

'2. Vindication of divine l)enevolence. 
Divine Tuvtii. 

1. Cntruth incompatible with divine beuevoleii'o. 

.*. Intruth is ininatural. 
Divine Justk e. 

I. Hanir^ on the proof of moral law. 



;?. The moral law written on the heart of man. 

0. I'he moral law revealed in the material creation. 
Ckkatiox a divixk work, and not the rerult of DEVETX)PMEXT. 

1, The inorganic history of creation. 
*i. The organic history. 

ThK DIRATION OF MATERIAL. EXISTENCE FINITE. 

1. The present organism had a beginning. 
•J. The same hastening to an end. 

ThF. ORDER OK CREATION. 

1. The order indicated by Moses. 

2. The order taught by science. 

Max THE LAST TERM OF THE ORGANIC SERIES. 
ThK ORIGIX of Ol'R RACE IX THE ORIENT. 
ThK XoaCHIAX DELlMiE. 

1. I'ninspired evidences of its occurrence. 
2 The deluge not universal. 

CORPORKAI. DEATH XOT THE COXSE^l'KNCE OF SIN. 
Six, PUNISHMENT AND FORGIVENESS. 
The EXISTENCE OF THE SOIL. 

1. Innate convictions. 

*2. Mind in nature. 

:J. Correlative of the brain. 

FrTlRK EXISTENCE. 

1. Innate beliefs. 

'2. The indestructibility of spirit. 

:i. The incompleteness of earthly existence. 

4. The attributes of Deity pledge future existence. 

FlTlRK PRCKiRESSlON. 

ArTHENTICITV OF WRITTEN REVELATION. 

Inspiration of the sacred scRii*TrRE8. 
The ne< essitv of faith. 
('ox< ij'siox. 

These articles iittracted wide-spread atteution in the circle of 
intelligent readei*?* to whom they were addres.sed, and they received 
many testimonials t(» their value. It was critically pointed out 
that their method was much broader than had commonly been 
introduced into natural theology. He was solicited to put thene 
(Mintributions into lM>ok form, and espcH*ially by the late Dr. B. 
F. t'o<*ker. his belovtnl collejigue at Ann Arln^r ; but the treat- 
ment fell so far short of the degree of thoroughness which seemed 
to him l)t»titting the theme that he rc»sisted all solicitation t-o re- 
publish, entertaining the Indief that within a year or two he would 
be able to otfer the puVdic a more ade<iuate discussion. He l>egau 
at once a re-cast of bis argument, but the more he studied the 
mon» \\v liecame convinced that the ai>odictic and therefore the 
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satisfaoton* prrx>f of the being of (fO<l must l>e rooted in *i priori 
evidence. Illustrations from nature are all useful on the ante- 
ee<lent proof that there is any reality whose l)eing and attributes 
are ilhistrate<l. With such maturing views he wrote one or two 
hundnnl pages again and yet again, during the sueceetling years : 
but a few months lapse of time so changed his conception of the 
most appropriate treatment that all which had been written was 
rejected. Out of some i)ortions sevenil articles were preparwl 
for the MetlKMlist Quarterly Review (April. IST^J, and Jan.. 1H74), 
viz: T/t* imitt/ t>f tin ^*/ii/ffirnf imr/tf. and Religious itlffiJt ttmoHg 
fmrhnroim frihett (Jan.. IST.*)). Some of his maturer views were 
als^i eml)rKli(Hl in a review of (^oi'ker's Christ ia nit 1/ ami Gnt-k 
Pliiloxnph,! (July, 1S72). 

l>^«»s. During ISiiS circumstances direi'ttnl his attention |>ar- 
ticularly to the |>opularization of science, lie had written, in 
1H5S. a .series of popular geological articles for the Michigan 
Jfniriitil nf Eihirntiim, and later had written a similar seric*s for 
the LtnlitH Rtjfosifon/. of Cincinnati, under the general title 
Voirf M fnuii Xnfni'p, and at the spi*cial rcMpu'st of the inlitor. Rev. 
I>r. D. W. (Mark. These Dr. Clark had suggesttnl to him to have 
published in lMK)k form, under the title of Th* G*ohnjiv Ages. 
but he was not satisfied with the treatment he had there given the 
subjtH't. an<l resisted Dr. Clark's tiattering solicitation. 

He was lK»set, however, on every side, by nHpu*sts for (x^pular 
articles, most of which he had to refuse. However, from hin jien 
ap|K»ared three articles in the ••Univei*sity Magazine." four in the 
••College Courant." and three in the ••Western Monthly." He 
cr»nceive<l also an extension of the project of jxipular lectures, in 
which the grainl conclusions of the sciences should l)e set forth in 
more glowing an<l popuhir style than till then had lx»en customary 
with scientific lecturers of g<M>d scientific standing. His ex- 
p«*rience in com|H>sition ha<l convinced him that the public |k>s- 
s(»sse<l an ap|H»tite for solid information, though they demande<] it 
well spiced. Contrary, therefore, to the preciMlents of his elders 
and the strong conservative judgment of the lea<lei*s in science, he 
U>ldly took the risk of an attempt to present science in a [K>piilar 
garb. The result was alxiut what he had anticipate<I. While 
fair audiences of deeply intereste<I people attended his lectures, 
there were iTowds who would be attracted only by a gn»at an<I i)op- 
uhir name or a public entertainment which, either in its subject 
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matter or its author, amounted essentiallv to a mere amusement 
or a spcKJtacle. Though never devoting any portion of his time 
expressly to the fmsiness of lecturing, he gave annually twenty, 
thirty, or more such lectures and his voice was heard in nearlv all 
the cities of tlie West and Northwest where literary societies or 
lecture courses are maintained. 

In Octol)er, 1H75, when in Boston, he met Prof. 11. A. Proctor, 
and attended two of the lectures in the course which he was then 
<lelivering liefore the Lowell Institute. In conversation he re- 
marked to Prof. Proctor the ditference in the methods pursued 
by Proctor and himself to gain the attention of popular audiences. 
Proctor took a special theme of limiteil scope, and brought out 
all the details and personal and biogmphical history connected 
with it. This appeared to him the method of the story-teller. 
AVinchell took a grand chapter of cosmical history, and pre- 
sented synthetically the grand conclusions attained by science, 
ranging them in logical rather than chronological onler — appeal- 
ing to the understanding of his auditors for interest, and to their 
imagination for illustrative pictures. In later years it was evi- 
dent that Proctors lectures more and more adopte<l Winchells 
methoil. at the same time also approximating more closely to the 
same tluims. During his American tour of 1S79-S() he made his 
lecture entitled '^The Life of a World* the staple enteilainment 
for the public. His other lectures, *»The Moon," • -Death of 
Worlds,'" were simply amplified chapters in a general cosmic 
history. 

Dr. Winchell was perhaps the very first scientist in America 
who de.scende<l l>efore i)opular audiences, from that high-casti* and 
stately, but dry and unjxipular, style in which the older scientists 
had thought it fit to cloak the dignity of science. Certainly no one 
but the elder Agassiz had previously attempted a true i)opulariza- 
tion of science, but his lectures were never heard by the plain 
people in the smaller cities throughout the country. He simpli- 
fie<l zoologic:il themes, rather than i)opularized them, and lifted 
up his voice only in New York, Hrooklyn. Hoston, Mobile. San 
Francisco, or other large cities where the select appreciators of 
.science were numerous enough to constitute an audience. Since 
lHr)8 the i)opular platform has been occupied by a considerable 
number of Ic^cturers of .scientific repute, among whom may l>e 
namefl Waterhouse Hawkins, Richard A. Pi-octor and Edward S. 
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Morsi*. Hilt two of tliese have relied largely for popular interest 
on what is really but some trick of black-boarcl sketching. In 
Great Britain have arisen also the illustrious names of Tyndall, 
Huxley. Lockyer and others. 

This lecturing did not divert him but casually from his perma- 
nent plans of scientific work. In IHCill he prosecuted his studies 
on the 'Marshall group: ' some of his contributions were included 
in other state geological reports, and the scientific journals. His 
most voluminous publication on the subject appeared in two num- 
lH»rs of the Proceedings of the American Philosophical Society. 
This presents a general resume of discussions l>eariug on the 
rocks in ([uestion, a study of their ecjuivalency in the various 
wt*stern states and the lithological and paleontological evidences 
of the unity and <listinctness of the group, and its proper posi- 
tion in the Carlx>niferous svsteni. 

1S«)I». On the re-organization of the geological survey of the 
state, governor Baldwin re-apiK)inted him director, and he was en- 
abled to resume the work which had l)een suspended by the inter- 
vention of the war of the rebellion. Nine years had elapsed, and 
he had learned much, in his private travels for economic surveys 
at various localities, of the rock -structure and physical features 
of th(» stat(». He assumed for himself the personal investigation 
of the iiower Peninsula, and committed to major T. B. Brooks 
the study of the Marfiuette Iron region. As director he drew up 
a plan of operations which major Brooks pursued to the comple- 
tion of his work, some four years afterwards. 

lS7i>. For several years he employed every opiK)rtunity to col- 
lect <lata relative to the Winchell name in America, and he put 
his information in systematic shape in a volume, which appeared 
in F(»bruary, 1S70. entitled (UneaJoify of thv Fmui/i/ of Witicheli, 
an octavo volume of 272 pages, containing names of about 
:{,(M»0 of his relatives. Jn March of the same year appeared 
'•Sketches of Cn^ation." a purely {)opular work eml>odying some 
of the grander views of geology which he had previously pre- 
sented either in print or from the public platform. ''Some por- 
tions of it indeed surpass the rtHpiirements of a popular style 
and become sophomoric and stilted. " So he himself criticised it. 
It presente<l accurately, however, some of the accepted doctrines 
of science. an<l contained many thoughts and speculations original 
with the author. His picture of the primeval condition of the 
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wDihl, :in<l oHpecially of tho stormy period, a!it4Mliite<l (in ISoS 
in the -'Micliigjin Journal of Kducation") tlie publication of 
the similar pictures of Fijruier; and his speculations concerning 
the wastage of the land, the final refrigeration of the enrth,. 
and the sun, and the inevitable running <lo\vn of the machinery 
of the solar system, were entirely independent: though it later 
appeared that Mayer had preceded him in reference to the doctrine 
of solar ciM^ling. and Sir William Thomi)son had already au- 
nouncetl the germ of his <loctrine of the ''dissipation of energy." 
The popular character of the work tempted several ignorant re- 
viewei*s to speak of it as a compilation, and as something similar 
to the attempts of Hitchcock and Hugh Miller. The Xntinn re- 
ceive<l it with that aflfectationof superior wisdom, and that i>orap- 
ous superciliousness which have since Ihhmi the recognized char- 
acteristics of tliat conceited journal. With these exceptions tlie 
work was received with a universal and cordial welcome. From 
his numei-ous scnip-l)ooks the following, from the New York Imie- 
jtrmhiif, is selected as a sample of the judgment of the l^est 
critics. 

But setting aside the engraver's help toward the rich attractions of this 
volume, and confining ourselves simply to the author's manipulation of 
words, we should call this a very picture$qur volume. Dr. Winchell is a 
learned professor of the sciences of geology, zoology and botany; hut 
more than that he is a singular master of the art of telling al>out these 
sciences. His mind is tilled with the poetry of science; he brings liis 
heart and his imagination into the field as allies of his analytic faculties; 
and his essays in the popularization of science are really extraordinar}'' 
specimens of word-painting. Like Waterhouse Hawkins, Dr. Winchell 
Is a popular orator of the facts of natural science: ami like Hugh Miller, 
Tyndall, Huxley, Agassiz, he is also the graphic rhetorician of those 
facts. H any one has supposed that geology is a dr}*, dull science, he 
can be cured effectually by the perusal of the ShtdteK of Creation. It 
clothes the dry bones of an august science with the living flesh and 
splendid vestments of poetry. Its rehearsal of the tremendous story of 
the physical universe is a superb prose epic. 

in similar strain wrote the Nnr Yorh Knnimj I^mt. the Chiniyn 
P'ntf, jukI nearly every other rc» viewer. The reniarkable sale of the 
work combined with these (*ommendations an<l many friendly let- 
ters. demonstrated that the author ha<l reached the very au<liencv 
for whom he wrote. The publishers accounted to the author for 
4.1 SI copies sohl within the first six months, and they te8tifie<l 
subse<|uently that no scientific work ever published in America 
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had foiuul 8(> large a sale as the Shttrhex of CnatUni. A liirjre 
demand has continued to the present date. 

Almost simultaneously appean»d his G^nlofjictl Charf. intentUtl 
for the class-room of the college and the High School. 

1871. But his principal activity was demanded by the duties- 
of the geological survey'. In the latter part of 1870 he drew iii> 
a preliminary cast of a report of progress, and in Jan., 1S71, it 
was submitted to the iiCgislature. It was printed at once in 
pamphlet. This did not attempt to eml)od3' results, but set 
forth the plan of operations and the scope of the work contem- 
plated, producing estimates of final cost, with a degree of un- 
reserve more candid than judiciou.s. The greater part of an 
octavo volume was substantially ready for the press. Hut a hos- 
tile intluence had insinuated itself into the Legislature. The 
Senate very promptly pjusse<l a bill making appropriations for pub- 
lication : but the House was now under the manipulation ut one 
S W. Hill, from the Upper Peninsula, who had taken otfense at the 
employment of Prof. 11. Pumpelly, instead of himself or .some 
other resident of the district, to prosecute the* survey of the cop- 
per region. Mr. Hill had been a subordinate employe of tlie 
survey under Foster and Whitney, and was known as an exploring 
miner or '-expert " in the Northern Peninsula. As director. Prof. 

Winchell had made a preliminary arrangement with Forster, 

who was well versed in the facts conni»cted with \\w y:iH)locrical 
developments of the region, but (Jov. Baldwin objected. l»ecause 
Forsti^r was alreadv one of the conunissioners of the Sault cauiU. 
Hill was utterly incompetent and out of the ([uestion, though both 
aml)itious and unscrupulous. l*rof. Pumpelly was well khown^ 
even then, as a student of such ore-<leposits, and was the most 
suitable man. But Hill notwithstanding his assuring ami friendly 
letti^rs, conceived an implacable hostility to the director and to 
tlie survev, aiul secure<l his election to the liOwer House with 
the proclamation that hi' would kill the survey. So by the most 
industrious, insidious and unscrupulous misrepn^sentations and 
perversions of facts, he created a strong adverse sentiment. In 
this he was aide<l by Dr. Manly Miles, then residing in Lansinjf. 
who ten vears before had so mismanaire<l the Zoolojrical depart- 
nient of the survey then in progress, that the director got ri<l of 
him by having the Zoological department abolished. Between 
the two suttlcient intluence was exerted to imluct* a nnijority of 



tlu* lioiise to withhold appropriations for publication, ami to this 
<lay the materials that were gathered under his administration in 
the Lower Peninsula for two seasons of field work largely remain 
unpublished. Thev fill numerous large reeonl volumes of manu- 
script. 

Meantime governor Baldwin, whose authority had compelled 
him t<» take the step which roused such deadly hostility, neither 
assumed the resjwnsibility, nor justified the director in any otti- 
cial way. and the latter was restrained by ollicial eti(|uette from 
shifting uj)on another the responsibility for his otticial acts. The 
whole Geological Board had but rtH*ently fully endorsed all the 
plans and operations of the survey: but they had not the virtue to 
defend what had been done with their open and individual 
approval. So. on the failure, or impending failure, of the appro- 
priation, the director sent in his resignation, glad enough to Ik» 
relieved from what appean»d to be the tyranny of an ignorant and 
capricious Legislature. '*A Bemarkable Maori Manuscript," 
published in Spurh-x from a Gt^nloijiuf's Ifmnnur^ is a parody of 
this episode. 

At the <ledication of • -Orange Judd Hall of Science,*' at the 
Wesleyan T'niversity. at Middletown, Tt. , he delivered an address 
<>n Scunitijir Edumtinn. The institution was his alma mater, and 
Us benefactor was his classmate. This address assumtnl bold and 
forward ground, and was published in pamphlet. The Boston 
Atlrttrtisvr said: "dt will l)e likely to attract much attention among 
all who are intere.-^ted in the 'modern protest.' since it takes de- 
cidetl and sti-ong grounds in favor of the new education. l)oldly 
advocating its advantages, not only for special training, but for 
that lil)eral culture and discipline of the mental faculties and the 
character, which, it is generally supposed, C4in be obtained only 
•from the classics. It will take rank with the most thorough and 
able arguments yet presented on this side of the discussion.** On 
this occasion he ret^eived from his alma mater the degree of Doctor 
of J^aws. 

His recent experience with the versatile lower house of the 
Legislature of Michigan brought sharp confirmation of a convic- 
tion, which he had already entertained and expressed, as to the 
unrestricted extension of the 4»lective franchise to the ignorant 
citizen. The progress of the institutions of American civilization 
he considered endangered by tlius putting them into the hands of 
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ignorunt juid too often unappreciiitivo trustees. Such view>> wert» 
embniced in a lecture entitled KtikUtnrracif, or Too Much Pnp0ihtr 
Gorenimfitf. This was first delivered at Matt<x)n, III.. Dec. 4. 
1S71. It ai)|)eared in the Mattonn Journal ol ^va\. (J, 1872. The 
lecture, as niav well l)e imajjined, created considerable excitement, 
as it went point blank against the short-sighted, material seJfishnes.s 
of the rabble, and the aspirations of the .self-seeking demagogue's 
who lead them. The lecture was, however, rewritten and delivere<i^- 
March K». before the -Jetfersonian Society" of the Law Depart- 
ment of the rniveisity of Michigan. 

1S72. A serief> of articles adapted to the Sini(hnf SrhonJ 
Joiiraul were published in that periodical in 1872, and subse- 
quently were amplified intx> a volume entitled Rvronnlnitiim nf 
Srititri fdtff Iir/ti/tnn. Jle was this year vice-president of the 
American Ass<»ciation for the Advancement of Science: and poet 
for the twentv-fifth anniversarv of his cidlei^e class. On the latter 
occasion he deliveriHl a very touching and melancholy, though 
perhaj)s appropriate. }»oeni. which is one of the rare occasions on 
which he allowed the outer world, which knew him chieflv by his 
scientific contributions, to have a glimpse of the inmost n*cesses of 
his heart. Here he poured out his grief *in an impersonal way, 
in lM*autifuIIy flowing metre — af which there are also numerous 
other examples scattered through his diary and his rt^cord l»ooks. 

187I>. lie exjHM'ienced a severe trial, on leaving, in 1S7I^. the 
rnivei*sity of Michigan, an<l accepting the res|K)nsil>le iK>sition of 
chancellor of Syracuse Tuiversity. The step was long debated, 
and he could scarcely ))ring himself to abandon all the ties which 
bouml him to Ann Arbor and the State of Michigan. He had 
heretofore firmly resisted the personal solicitations of va'ious 
(»ommittees to enter upon what they, with the world in general, 
reganled as 'a wi<ler field." Hut now the representations of the 
authorities of Syracuse rniversitv were to theetfect that the insti- 
tution was in rapid pi*ogress of endowment, and had alivaily a 
productive capital of :i5<»r)(K(MM». and that, as it was his scientific 
reputation which had attracted them to him, they wished him not 
to discontinue his relation to the scientific world. llis salary* 
would Im» more than double what he was receiving from the rniver- 
sitv of Michigan, and he would not have to be worried with the 
financial affairs of the en<l()wment. since there was, a. salarieif* 
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officer to look after tliat. He was very cordially received and 
introduced by bishop Peck and Drs. Reid and Bristol. His 
inaugural address was a broad and searching discussion of The 
Moil em Umcemity. 

A portion of the material intende<l for the report of the Gt»o- 
logical Surve}* of Michigan was condensed for Walling's Athis itf 
Michigan, embracing articles on the geology, toj)ograi)hy and 
climate of the state. These memoirs subsecjuently were collected 
in a volume of 121 pages, accompanied by toi>ographical, geolog- 
ical and isothermal charts — six in all. Resulting from the same 
study he contributed to the vlm^r. Jniw. Sei., July, 1S7I5, a paper 
on Thr Diagonnl Systtin in the Phgsicnl Fintnn'a of Mirhignn. 

As soon as he had opportunity to learn the financial condition 
of the University, he discovered that it was not what he had been 
led to suppose, and that the financial stringency of the times 
(1878) bore heavily on even what there was of a firm foundation 
for future expectation. Notes which had been given on the 
opening of the institution were met with disheartening non- 
payment, and on others the productive interest was eaten up by 
second-hand men and bankers who had advanced monev on them 
and held the short time notes of the University. However, he 
kept up g(K)d courage, outwardly, to the en<l of the scholastic 
year, and in July he sailed for Europe, intending there to leave his 
family for a short sojourn while his eldest living daughter shou hi 
enjoy the opportunity' and advantages* of musical instruction by 
the best foreijjn masters. He returned himself to Syracuse on the 
o|)euing of the new scholastic year. 

He delivercHl a course of four geological lectun»s during the 
autumn at Cooper Institute, New York, and two on evolution 
l>efore the ''Drew Theological Seminary," the latter, in April 
(1874). appesiring jis a small volume from the press of Hari>er 
Bros. A reviewer of this work in the New York Triinm* . in con- 
neetion with that of Dr. Hoilge, on a similar subject, said: 

The second writer whom we have named, the Chancellor of Syracuse 
University, in this state, is a much younger man, less addicted to 
theology than to natural science, not known to so large a public, hut held 
in the highest esteem in scientific and literary circles, the author of 
several works of excellent fame in his favorite department of study, with 
a freshness and earnestness of thought which give promise of future 
achievements of high import, and with a mental courage that does not 
Hhrink from the sacrifice of custom and tradition for lovaltv to trutli. 



Tin* iinrix>s<» <>f the work was neither to defend nor opiK>8e the 
<ioetrine of evolution, but to otfer exi>ositions and <liscriminations. 
The fact of an evolutionary metliod in nature he unre8er\'edlv 
uiuintaincMl. and lield it to be a proof of intelligence. Whether 
the evolution of events is etfecUMl bv a method of material contin- 
uity. he deemed the only (juestion at issue, lie held that in the 
inorganic world the reality of this method must l)e acknowleilgeil. 
Whether a material continuity runs through the series of or- 
ganic forms, is the residual (juestion. to which all scientific 
i'ontroversy lias to be narroweil. lie prm't^nled to indicate the 
general evidences adduced !>y evolutionists in supiK)rt of the 
afHrmative. and then !»rought forward a series of dittlculties, most 
of which, however, were regarded as aj)plying rather to Darwin- 
ism than to the general doctrine of continuity. SupjK^sing this 
d<ictrine inductively estal>lished as representing a fact in nature, 
it still remained to asceilain the methods and instrumentalities 
through which the organic continuity is maintained. This is 
the field of the theories — of which Darwinism is one. Finally, 
having agreed on the nature of the physiological processes in- 
volved, it is n(*cessarv still to ascertain the nriijin of those jiro- 
cesses. an<l of the forces which sustain and guide them — that is, 
the philosophic (juestion of ultimate causation remains. From 
such grounds he maintained that no form of evolution-theory 
<*an be set down as essentially atheistic. 

The fourth visitation of death in his dearlv love<l family was 
announcetl to him by cable-dispatch shortly before Christmas, 
1S7.*>, when he was al)out to ascend the platform to deliver a public 
lecture in St. Paul, Minn. Diphtheria had smitten his youngest 
daughter at Herlin. With masterful self-control he commandefl 
his grief to 1h' silent and his thoughts to be on his evening topic, 
:in<l he gave his lecture as announced. To one who knew the 
tenderness of his heart and fond doting which he lavished <m his 
children, this abstraction of himself, almost from himself, for an 
hour and a half, with such a shock fresh on his consci<msness, 
reveale<l the <loubleni*ss of his existence. He lived a public life 
of activity which was wonderful for its accomplishments, but he 
had a domestic and personal life which, in its recorded memories 
and mementoes, was almost (Mjually voluminous. The drapery of 
a private grief was hung continually on his heart, but he carried 
in \\\> hand, as his only public and outward symln)! of action, a 



biiiim»r on which wiis writUMi '•KxcelKior.'* lie dovoU^d iiianv. 
but Hepunile, hours to scrvioc iindor eiu*li. Without concludinj^ 
his western onguj^tMUiMits to hn'ture. he returned to Synwuse ami 
awaited the arrival of the eherislied remains. At lenji^li, on Feb. 
1, 1S74, tiiev were jriven their final restinjr phiee at Ann Arlnir. 
bv the side of two sisters and a iu'other. 

1S74 7(». Owing to the desire on the part of the I'niversity 
authorities that he should now take pail in public efforts to aug- 
ment the endowment, and to tlie serious curtailment which lu» had 
already sutfere<l in his scientific work through the incumliency of 
the presidency, contrary to in<bi(*ements held out to him on his 
acceptance of it. henotifie<l the trustees, in March, of his intended 
resignation, and in June he unconditionally retired. For the 
<luties of solicitor of money he had no <pialification. Hetwt»en 
paleontologist and financial agent there was a gap so broad that he 
ha<l ncyer c<»ntemi)lated crossing it. In July. 1S74, he jigain 
visited Kurope. and returne<l with his family in I)e<*emlK'r. enter- 
ing now in the same university u|M>n the chair of geology, which 
the trustees created and urged him to accept. 

Full of zeal for the development of the department which he 
had assumed in the Syracuse I'niversity. he prepan»d and 
published, at his own expense, an exten<led xiflhilmx of a projHised 
(H)urse of geological lectures, which shoidd })ossess interest for the 
general public. lie found it ditllcult. almost im{M>ssible. umh>r 
the financial straits of the institution, to ecpiip and mainUiin lal)o- 
ratories which corresponded with his ideas of the professorship of 
geoh>gy. It became evident that his position was not one in which 
a zealous and c<impetent pr<»fes.sor of science could build up either 
a reputation or a successful department. While he was nuHlitating 
a c<miplete severance of his relations he was calltnl upon by 
bishop McTyeire. of the M. K. Church South, who urge<l upon 
him the chair of iri^ology. zoology and Uitanv in the nascent Van- 
derbilt rnivei-sity. at Nashvilh', Tenn. I'lider the |)recarious 
ccmdition, however, of the endowment of that institution at that 
time, he di»cliiuHl the position, although he subs«*<piently acct^ptini 
a thive months engagement. In June. 1 S7r), he presented his 
resignation at Syracuse, lait con.MMit<»d to n»tain a partial engage- 
ment of two months. 

On a Iwsis of observations mmle in July. 1S75. on the line of 
the <tnind Hapi<ls and Indiana railroad, lie presente<l t<» the 



rMrf»it m»*<»fin$jf of the American AiiHociation for the Advancenaeal 
of Science a coninninie:ition entitlefl R*'rfifirttfion of thi^ G*;ologirt9l 

fn the juitnmn he wrote ami «lelivere«l. J^efore the Bostoa 
Th«*c»loincal Schof>l six lecturer on the Relations of Religion U> 
Science rtn«l Philonriphy These were afterwani emtMxiied in a 
volnm»v \\\ Jannar\'. I'^TH. he opene<i a •^^^eho^>I of Geology" at 
SyrHcuH** f'niversity This hail Fieen annoaot^Mi hv prospeetUH 
^ince \ngfn«t For thi?* enterpri?*e he bore mo8t of the financial 
exj>enHe himnelf Ffe wishefl to make the >*chool of geologj' a 
j>ermHnent fpHtiire of the in.ntitation. The atten<iance. however. 
\TrtM ^mrtll. the ;iir| he harl expecterl from the imiverHity was not 
rcn<lerefl. the institution was Wate<i far from the city, cutting otf 
s/»TiH» who wonUI have joinerl hafl it been accfsnible, and his tenure 
of U>r jx»«iition was feeble: for these reasi^ns the second velar's 
••nuHsfcment here was rierotecl chietly to university students. At 
Vanhville. the first year, he flevoterl three months to lectures ami 
lOHtniction in flfef>logy anfl zofilr^-. He delivere<i the <i)mmenee- 
ment .-^rlrlress at the -State Female ('ollegc* at Memphis, and the 
\then*eTim. Columbia. Tenn. He also gave the address before the 
litcfftry s/i^'ieties of Vantlerbilt T'niversity. His theme in this 
;fddrc««M was Th*- Worth of Cvhart^. In that l)efon» the female 
coUegfc \t was Tf*^ fU.ntttifnl .* 

\f Vandcrbilt f'niversitv he was tn»ate<l with very marke<l 
/•/rnft^^iy i^uA iKMpit^lity by all <H>nnect<Hl with the institution, and 
fi#b wa^ \tu\fiif\\\u*'i\ by some of the officers. scHf>nding.the requests 
/rf bisb^ff/ M^-Tyeire. to conmMit Uy a full connt»ction and a |)erma- 
n^frt re«if/lence, but his first experience in the university convinced 
bim tbj»f the old th^-^dogy had t^x> firm a grip on the institution 
Ut f^ff/lcf if b/yHpitnble toward modern science, and, mentalh', he 
4bf»r»k UiiU\ i*%\s mr»re intimate ('ontact with the theological relicH 
/// r^K* d«fk ajjfcs Ihirin^ his first sojourn at Nashville he 
^//r/»plete/| the pre|mratioii r)f a volume on the relations of science 
,»ff/f f^^fJifi'»r^ whicfi h<'H<*nt to his publishers. Har|)er and Brothers. 
\\t' n\^i reviewed I>r. H. F. (dickers Thrixtir Conreption of the 
W'trt'l {Mtih f/iiort. lift it ir^ 'Jui.v, lH7r».) During the same 
fft'fhffi be wmU' it scieiitiflc investigation of the Cephalopoda^ 
}f4'Uftni'iitU 1^' III'' nnmeum of the university, bringing to light 
4#*/erMl rM'w *ipec)eM, and interesting features in old ones. Most 
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•cif these shells were from the Siliiriiin of Tennessee. For lack of 
books and specimens for comparison he did not bring the results 
to such a state of completion as to render it prop<*r to otfer them 
/or publication — hoping for future op|)ortunities of study. 

Keturaing to Syracuse, he devoted a month to the study of 
fossils from Chautauqua county, regarde<l by him as belonging to 
the same age as the ^'Marshall group. " lie had collected these 
«n occasion of a visit to the Chautau(|ua Lake Encampment, where 
he delivered two or three popular k^ctures. This study was made 
the basis of a communication to the American Association at its 
Hutfalo meeting, where he also presented the results of a study of 
EiuJoi'iras. He participated in a "Normal Institute* of the college 
of fine arts, delivering four li^ctures. and taking some part also in 
the field work. 

lie was now ini|K>rtuned by the editors of XXmChriHtinn Utnon 
and the MethmlUt Qnartn-lif Rm't^r. for communications on the 
subject of evolution, with particular reference to Huxley's recent 
lectun»s in New York. * He also visited Prof. O. C. Marsh, at New 
Haven, for the purpose of examining the specimens which ha<i 
serve<l as the basis of his later announcements. He wrote a large 
manuscript of al>out twenty thousand words, on ''Evolution,' 
designed primarily for the MfthodiH Quarterly Rrvivir^ but the 
matter n»mains unuseil. Early in December, IRTf*, he removed 
his family to Ann Arbor, where he had retained his old home, 
being convinccnl that it would never IxH'ome desirable to settle 
permanently in Syracuse. 

1K77. After a short term of service at Syracuse, in the months 
of Jaguar}' and February. 1877, during which he wrote a serit»s of 
eight lectun*s on the scientific evidences sustaining the doctrine 
of evolution, covering the ground of its philosophic and theolog- 
ical ("onseffuences, and cr)nstituting a full monograph, and drew 
up an extended sj'llabus of lithology for the use of students, he 
again transferred the scene of hislalK>rsto Nashville, Tenn., where, 
with a series of lectures on geology and zoolog}% he organized a 
biological lalK>ratory which was very i)opular with the students, 
and, under the optional or • ^school*' system prevailing there, 
became quite crowde<l with persons unprepared by previous study 
and discipline. During this term he in.stituted an elaborate seric^s 
of experiments upon living germs in the atmosphere, employing 

♦ See ChrUtian Union, Oct. It, 187«, and Meth, Quar. Met., April, 1877. 



the pMierjil nu'tluMls <»f Tyiidjill. Ho ciiiiu* to the conclusion thai 
when Jill infusion is completely sterilized and exiH>se<l only to 
steriliztnl air, no livinjr organisms come into existence, even after 
the lapse of eij?ht months, and, hence, that the so-oalltMl 
'•s|M)ntaneous j^eneration. ' or arclnejifenesis is pnrel}' initi^inury. 

In 1HT7 was published a work entitled RvvnuvilintUtH of Sririttt^ 
mid Rvliijlini. It eml»odied the six lectures deliveitMl lM*fort» the 
lioston ThtM>lotjrical School. tlH» two liaccalaureate a<hlress€*s deliv. 
ered at Syracuse, a paper entitled JSouir TlioiKjhtu on (\ittMnlitif^ 
read ))efore the Alhanv Institute, reviews of Dr. H. F. C<K'ker's 
two w<»rks, and the scries of articles written for the Sumftn/ S^-fumf 
Juin mil. Nothin*r. in reality, was written specially for tliis vol- 
ume, hut evervthin«r had been prepared oritrinally for an ulterior 
use. and every investijration was tributary to the jj^reat work which 
was restinj; dormant, but not forjrotten, on his hands. It was u 
vohime of •chips." as Max Muller wouhl say: but some of the 
in vest ijrat ions were fuller than he ctiuld with propriety introilucv 
into his main work, and he thought th(> publicati<m of theiu due 
lM>th to himself and to those who had been awaiting the rosuItM of 
his studies. Towanl the close of an extended review c)f this work 
the criti<* of the Xnr Ynrh Trllnnn said: 

Without dwellini; on othor points discussed in this sug«restiv«» volume^ 
we may venture to thank the author for an original and fruitful contrl- 
hution to the qu<*stions which now eiiu:age tho attention of 8o many of 
the profoiHKlest thinkers of the day. This work is of a critical character, 
(*oinnientinir freidy on opinions and sy>tenis which have found a plac«^ 
in the history ()f phihmophy: but it also presents the mature fruits of in- 
dependent research and retie<tion. It betrays an intimate 8C<iuaiDtance 
witii the development of thought in the best ages of scientifi<' culture: but 
its principh's are not the result of syn^pathy and adoption. The author 
iicknowle<lges no man as his mast<*r: he admits no conclusions which he 
ha*< not made his own by processes of thought and study similar to thoKe 
in which they ha<l their origin. The materials which he lias obtaineil by 
s<*holarly labors, have been tlioroiighly fused in his own mind, and are re- 
produced in forms which bear its image and superscription. lie is 
evitlently en»barrasse<l by the fertility of his conceptions. * ♦ * The 
rare intellectual fairru'ss whi(*h marks tlie vohnne is a feature of no le«s 
interest than th«» philosophical al»ility witli which its discussions art* 
<<»ndu<'ted. 

TIm' Northern Christian Advocate stated: 

We do not rememlK*r ever to iiave read a work which more impressed 
us. * * ♦ It is a Ijook for the believer and the doubter, for the student 
and the th<*ologian. It is l>oth comforting and disquieting. It solvent 



Home dirtlcult problem!*, and in this time of porplexity and mental eon 
tilct, every helpful utterance should l»e heeded. * * * It is not a belllj^erent 
l)ook, but a thoughtful and explanatory one. It is a reeonciler. ♦ * * 
Afl to the matter of style, it is gracefully but strongly written. Kxhibit- 
ing a wide acquaintance with ancient and nuxlern forms of thought it 
is never <lry or obscure. * ♦ * The book \h full of thought. It isu noble 
<*ontribution to American literatun*. 

The Popular Science Monthly (An*;.. 1S7T) stati*<l: 

The (jucstion (»f the relations of Science and Religion re<*eives a new 
treatment in this interestinir volume, * * * 

Six?akin^ of the autlKu's theory of cyclic actions and ri'actions 
lK»twecn intellect and the relij^ious faculties, the reviewer says: 

This is an original and iui^enious conception, by which Dr. Winchell 
ir* enabled to group and arrange the elements of his d'scussion, historic, 
religious, philosophic and scientific, in a very instructive manner for his 
purpose, and on this a<'Count the exposition is certain to be read by 
general students with interest and profit. Dr. WinchelTs work will do 
special service among religious leaders by making the whole discussion, 
as we might say, a piece of natural history: that is, he treats it in both its 
aspects, as a part of the method and phenomena of nature. While hold- 
ing to the inspiration of the bible and the supernatural claims of Chris- 
tianity, as matters of his own special faith, he nevertheless hohls t<» the 
validitv of the universal religious sentiment in man, and whi«^h is as 
much a subject of rational inductive ini|uiry as are the physical sciemres 
themselves. We can hardly overrate the gain thus secured, by bringing 
the whole inquiry into the scientific sphere, and ctmducting it in the 
broad judicial spirit which genuine science always imposes. 

Such appix>vin^ words from representatives of lK)tb the pailien 
which the work attempts to ••nn'oncilc"' atfonls some indication 
that the attempt was not a failure. 

Duriiii; his sojourn at Nashville in 1S77, he made an extensive 
<*ollection of the fishe.-s of the (^nnl)erlan<l river, a series of which, 
transmitted to the Smithsonian Institution, w^us found t<» eiu brace 
a new species. Art inn atripimiis. (Set* Bulletin No. Hi. V. S. 
Nat. Mus. . p. \\\.) He collected also a complete st»ries of the 
rnionida* of the river. These and the fishes remain in the museum 
of the university. He secured the you nj<ests|HM*i mens ever seen 
of the garpike of the (^imberhmd. These ranjyfed in length down 
to thriv-ijuarters of an inch. 

He returne<l to Ann Arlxir full (»f the puri>ose to resume work 
on the un<lertakin^ so \o\\^ conteniplated. but having to makt^a 
journey to Syracuse and Albany, for the pur|H»se of reading a 
paper (on i'liinrMit/^ Couftoi) l»efore the ••rniversity (.'ouvo<*atiou," 
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jind on his return to preparer ji carefully studied article on I^rehU- 
tnrir. Man (including the question of Pretidnmiti's) for McClintock 
and Strong's Cifclopedhi^ it was late in the summer before he could 
sit down to the work. Still again, in a few days, he wa«. 
interrupted to deliver lectures before the ''(Convention" at Clear 
Lake, Towa. 

After a careful examination of his former work he was con- 
vincwl that the only satisfactory course to pursue, though on an 
enterprise already three times begun, was to l)egin again. The^ 
whole scheme of the work was cast anew; and liefore his departun» 
for Syracuse, in the latter part of November, he had completeil 
alHHit 121,;5()0 words. 

At SjTacuse, where his term of service began, on Nov. 21, his 
popular course of weekly lectures consisted of seven, w^ritteu on 
the primitive history of ••world-life. ' In the course of these 
lectures he advanced the original idea that the meteoric matters 
now known to be disseminate<l through space, may be ade<{uate to 
cause, )>v their resistance, the anomalous acceleration observed in 
the orbital motions of the satellites of Mars — especially the inner 
one. The same conception was substHpiently advancwl by Prof. 
Doolittle. of Washington, and Dr. Wuichell made reidamation 
thnmgh th<» Nnr Ynrh Trnnim\ inasmuch as his own views had 
been ann<»unced in public lt»ctures in Syracuse, CMeveland and 
Jjcbanon. ()., and Hichmond. 111., and had also been reported in 
the daily papers of Syracuse. l*rof. ])(K)little very cheerfully 
acknowledged }*rof. Winchell's priority. 

Tlie studv of Preadamites had deeply interested him, and had 
produced a pretty firm conviction that men existed upon the earth 
iM'fore the biblical Adam. lie had planned, therefore, to deliver 
a IcH'tun* at Syracuse, upon the subject of Atimtn'ffs tuttf Prrtnl- 
tnuitca. This lectun* he was re<|U(»st(»<i urgently to deliver in one 
of the cliurches. and he did so. At the rtMpiestof \\w clergymen 
present the lecture appeared in full in one of the next mornings 
papers. In a day <»r two the author was called upon by Rev. Dr. 
Warren, editor of tlie Xnrtlnni Christlmi Aifmcafr^ with a re<iuest 
to writ4' ludf a <h>zen artich»s on the same subject, for his paper. 
To this nM|uest he acceded, but had not i)roceeded Ix^yond No. *l 
U'fore Dr. Warren desired him b» extend the series to eight, and 
iK'fore this limit was reached the editor wishe<l tlie series extendc<l 
to ten. At the reipiest of the assistant editor. J. T. Rob<*rt*t. 
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permission was given by the author to print the whole in ]>amphlet 
form. Hence the ''orthodox" Ijniit which followed i*i»specting his 
**unsoun<lne^s. '* 

1878. On returning?, February, 1878, to Vanderbilt University, 
he was receiveil with the same politeness and cordiality. Though 
his work was, in gem»ral, the same as before. In* occupied some of 
his leisure hours in constructing some pieces of microscopic a})pa- 
ratus. During the summer he also constructe<l a small working 
steam-engine of one-tifth horse power. Before leaving Nashville 
he had also completed a survey of the sanitary gi^ologyof the city, 
and drawn up a rt»}>ort to the Hoard of Health, which was emlKxl- 
itnl in the report of the. Board for that year, and also was printed 
by the Board in pamphlet form. In making the survey he ran 
two intersecting lines of levt^ls Ijctween the extreme limits of the 
city, a work in which his exi)erience as professor of civil engi- 
neering twenty-thn»e yeai*s j)r(»viously, availed him. 

On the morning of the 27tli of May, an hour l)efore the 
apix>inte<l time for a public address which he ha<l Innin solicited 
to deliver, j^s one of the exercises of c<nnmencenient week, h(» 
met bishop McTyeire casually, and the latter then procee<led to 
wmiment on the influence which would l>e exert tnl against the 
interc^sts of the university by the professor's hetennlox t)osition in 
rt^ference to Preadamites and evolution. He endt*avored to sliow 
the bisho}) the unreasonableness of objections to an opinion founde<l 
on scientific evidence, and not hehl in conflict with fundamental 
religious lK»liefs: but the latter would not see the subject in that 
light, an<l asked him to reli(»ve the univei*sity of an embarrassment 
b}^ declining a reappointment. This he indignantly ix»fused to do 
on any such grounds as alleged. He* went almost din»ctly to the 
public audience, assembled in the chapel, and delivere<l an extem- 
poraneous address on Mn\i in tin Jjltjht nf (itohnjif. He felt that 
the bisliop had l»een extremelv inconsiderate in bringing lK»fore 
him so (listracting a subje<*l. on the very hour ap|H)inte<l for his 
address, but with that self control which had marked his iwtion in 
various other trying occasions, he centere<l his mind on the topic 
l)efore him, and w:us subsequently led to l)elieve that the bishops 
4^>urse ha<l actcnl simi)ly as a stimulus, enabling him to outdo 
himself in elo<juence and perspicacity. ^ The jiddress. at all events, 
was pniiseil on every hand. 

The next morning. May 28. 1878. lie took a final leav*' of the 



miivei-sitv jin<l of XaHlivillt', and tlit* sanuMluv the Board of Tnwt 
al)oliHhed his chair. Hi>shop McTyoiri*. in tninsniittin^ notit-e of 
this action. eniploytMl terms expressive of kind feeling, appn^ci- 
ation and even of ref?ret. It was evidently the intention of the 
anthorities of the nniversity that this shouhl he a ease of decapi- 
tation within the walls <»f the inijuisition; bnt the victim retwdvtMl 
that the public should have the opportunity to ]>ass senten<»<». lie 
aci'ordingly drew up a true an<l liteiid account of the inti»rview 
with bishop McTveire. and published it in i\\v^ Nnshrilh- Antrriraa 
of June lt». 1S7S. This opened t lie door for a unanimous ami 
outspoken <'oiidemnation of the act of the Hoanl of Trust, froiu 
the pn»ss of the South an<l the country at hirge, and fnmi n»pre- 
sentidive individuals of every shade of religious opinion. t No 
word of approval rose from any source. exf»ept a few, fei»ble an<l 
|H»rverting ndsstatements from the organs of the M. K. Church 
South. The lK*st of n»asons exist«Ml for the belief that theotficiuls 
of the univci*sity very s<M)n In'gan to regret their a<*tion, and that 
within a few months they were ashamed of it. It was not longoefort* 
the action was attributtKl by some of the of!i<'ials. covertly, /o 
ifroinit/x u/ *rnuo/ni/. The impossibility of this is evident enough 
when it is known that Prof. Wincheira work was simply transferred 
to }*n»f. Satfonl (who had Ikh'Ii «»n half tlutv) and Prof. WxnrhvU'n 
Mufttn/ irith if. licarniug that this subterfuge was l>eing set up 
by parties in corresponden**e with I>r. .V. K. Foote, of Philadel- 
phia, Pi*of Winclu'll wrote a crisp ami |H»remptorv denial of such 
statements which Dr. F»M)te published in his perio<lieal. T/if 
XafHnifisf s Ijtixin* llutir, .January. ISStl. p. 5. 

So far as Pn»f. Winch«»irs standing and n'putation were 
<'t)ucerned lln^se invents were far fnun disastrous. He n»ceive<l 
new sympathy an<l appnviation fi*om every intelligent man and 
woman and fi*om many who otherwise would perhaps have remaine^l 
in ignonince of his exi.stemn'. Kx-President .Vndrt»w |). Whit4% 
once I)r. Win<*licH s colleague at Ann ArlM»r. made use of thia 
incith'nt in onr of his chapters on the ••Warfare of Science," 

<*hanu*terizing the action of Vandcrbilt rnive!*sity in the following 
wt»nls: 

It is plra.Hini; to kuou that while an iuHtitutiou iulliu*; itself a univer- 
sity thus violated t)ie fuutlameutal principles on which any institution 
worthv of the name m\ist l»e liasetl, another ♦ * * recalled Dr. Winchell 

t The ev«»utH of this episcMle are all pre8er^•ed in elaborate clippings 
from newspapers wlurh till two larire scrap lKX)ks. 
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at once to his profes8orri)iip, aud lia^ honored itnelf by uiaiutainiug him 
in that poeition where, unhampered, he has ever since been able to utter 
his views in the midst of the largest body of students on the American 
continent. Disgraceful as this history is to the men who drove out Dr. 
Wlnchell, they but succeeded, as various similar iMjdies of men making 
similar efforts have <lone, in advancing their supposed victim to higher 
position and more ctunmanding iuHuen(*<>. 

lie returnecl to Ann Arix)r and njraiii applied binis(>lf to his 
long-pn>niiHiMl voliiuic. intcrniptc<l. as before, by cnfrii^c*nient8 
to le<»tnro at sniunierHsseiublics. Jscvcrtbcless \iv ad<UMi, as be 
states. 52,500 wonls to bis manuscript. lH»fore bis departure. 15tb 
Sept.. 1S7H, for Syracuse. 

This V€»ar, instead of writing a series of studied lectures, be re- 
strictnl biniself to exteiii|M)raniH>us. and <h)ubtles8 more |M>pular, 
ex|H>siti<ms. Tlie lecture which be delivertHl in New York, Oct. 
25. in the Academy of Music, before the Delta Kappa K|>sih>ii 
Convention. publisluMl in the New York Tn'htint; was very 
liighly t*ommen<le<l by all who wen» alive to the projp*ess of ideas 
in iMiucation: and was repeatedly republished in iMiucational 
journals. The tiieme was .1 /'fm /or Mmli^rnixt'tl Ktluvtttiuit. 
HavinjiC l>een invittMi to repeat the lecture in Syracuse, lR»fon» tlie 
public, be wn>te anotiierentitle<l. Viitfinr mul k'notrft't/(^t\\n wbicli, 
while still maintaining the proiH*r prtHunience of scienci*. be dwelt 
on the value of culture, but insisttMl that it comt»s from the study 
of tilings valuable for knowledge, as well as the .study of deiwi 
aiigua^^es. This wjis published in full in the K!it/rttruMt' f^onn'tr 
for Nov. 17. ISTS. It n»ceived even mon» attenti<m than tlie 
eiirlier address. lie also delivere<l two or thr(M» otiier public 
addresses in SvmcUKe. which elided very f a vondde comment from 
the press. The />#i#7^.A>// /•///// of Nov. 1(J, said: 

There has lieen a growing interest of late in the utterances of this dis- 
tinguished Hoholar. His last le<!ture, on the subject of education, is 
spoken of by all who heani it, as e.xtremely eloquent in its delivery and 
brilliant in its thought. * ♦ * Dr. Winchell deserves a warm place in the 
hearts of the Christian publii- for his masterly defense of the Bible, and 
his elo<iuent pleas for a full and symmetrical culture, including moral 
and religious as well as intellcMiual <1evelopment. He is a christian 
scientist of the highest ty|>e; and Syracuse may well lie proud to numl»er 
him among her most distinguisheil citi/.ens. 

Keturninja: to Ann ArU^r apiin be gave bis leisurt» to the prep- 
anfttion of a work to Ik» entitled Prt^ttt/nmittH. He dc^Hired to 
investigate the sub jei't further for his own satinfaction. and also to 
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demonstraU* to the world t hut a doctrine which had hcH?n denounced 
as heresy is sustained not only by ethnology, archeology, 
chronology and biology, but by the IJible itself. Notwithstanding 
prolonged absences from home on lecture engagements which 
took him iis far west as Iowa an<l Nebraska, he completed the 
manuscript by May, 1870. The work appeared in April, 1880. 
from the publishing Ikuisc of S. V. (Jriggs & Co.. (Miicago. The 
following is from its preface: 

I hav(i not assumed a ])08itlon hastile to the Bilile: it would have been 
irrational for me to do 80: since it is the assertion of the Bible which de- 
termines what we are to understand bv Ailam. Had the Bible affirmed 
explicitly that Adam had no progenitor, Ijshould simply have declared the 
facts of the genesiacal histor}' iueoaBistent with the affirmation, as the 
facts of science would also be. 1 haw even devoted. a chapter to the 
proof that Preadamitism is neither inconsistent with the Bible nor with 
the orthodoxy of approved divines. More particularly,! have not disputed 
the divine creation of Adam, even in maintaining that he had a human 
father and motlier. I have not impaired the unity of mankind, but have 
removed the incredibility of that doctrine as grounded in the descent of 
negroes and Australians from Noah aud Adam. T have not affirmed — even 
like McCausland and other ecclesiastical polygenists—that mankind, one 
in moral nature, are not one in origin: since I hold that the blood of the 
first human stock flows in the veins of ever>' living human being. I have 
not excluded the Preadamites and their desctendents from the benefits of 
the **Plan of Hedemption;" since I maintain that all mankind are equally 
the subjects of redemption. \ have not degrad«*d A<lam below the 
level on which the Bible places him. since \ do not recognize him as the 
starting point of humanity. Finally I have not pictured man as risen 
from the organic grade of a brute since I wished only to show that he 
was in «*xistence before the "first man*' of the Hebrews. 

ISTO. He lectunnl at l^otsdam, N. V., in May, 1H71>, under the* 
auspices of the N<M*mal School. He had delivere<l a popular lec- 
ture tlu'H' the autumn previous. Beturning home he first wrote 
an article on the MHaphffsirs nf Srnurv, rtMiuesteci by the cnlitor 
of the ''Xorth American Review." which ap})eared in the No. for 
January, ISSO, and returned to the completion, or at least tlu» 
farther prosecution of his great work — grievously interrupted 
however fi*oni dav to dav bv the varied calls which exhaust the 
energy an<l steal the time of a professioiuil man. 

In .Jum*. 1S7I^ he was unaninuuislv recalled bv the Boartl of 
Begeuts of the University of Michigan to the chair of geology and 
pahHMit(dog\ in that institution. For several years such had ))een 
the intensity of a factional spirit in the Board, that scarcfdv any 
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measure aad Ixjen adopted without disBontinji: votes. When, 
therefore, the unanimity of the Board in voting for his return was 
made known, and the general wish of the faculty of the university 
was understood to sustain the action, he di<l not hesitate to return 
t^) the institution from which he liad l)een tempted six years 
iH'fore. The university liad progressed in tlie previous seven 
yt^ars. The |>osition now offered embraced much more favorabh* 
c*onditious for scientific aclvancement than the |)osition he liad 
left. His duties at that time were spread over the whole field of 
gtH)logy, zoology, Ijotauy, museum and microscopical work. WJien 
he returm»d the faculty embraced a jirofessor of geology and 
paleontology ; a professor of mineralogy and economic geolog}'; a 
professor of zcMilog}'; an assistant professor of l>otany; an 
instnictor in the microscopical lalx)ratorv, and a curator of the 
museum, all of whose duties devolved upon one man in 1872. 

In his small pamphlet, 6Vo/oy// itf tlu- Stnrx, he }>resenteil the 
first generalization of the history which subse(iuently was expanded 
into World- Liff. His conception c)f geology, as a hixtnrif nf tht- 
earthy led to a grasp of all its history — to the n»motest limit of 
time, past and futun*. Thus gtHilogy was welde<l to cosmogony. 
The st»arch for conditions still antc»ced<»nt to those reveale<l by the 
n»mot<»st stretch of the vision of science le<l him into the field of 
meUiphysics. Thecentnd idea of all his lectun»s of this class was 
th' li/r-tiiiir of H ICO rid. Sometimes the great theme was com- 
passinl in a single lec^ture, sometimes in two, and perhaps more 
fnH|uently it wjis expandtnl, especially in his university' courses, 
to six or eight, and in <me of his later (Mjurses it was ccmstituted a 
series that extende<l through the time of a whole term. Kverj' 
sepanite lecture was a chapter in tlu* gnuid story. No lecture had 
a fixed form of words, nor subject matt<»r. The selection of the 
topics and the degive of expansion to give them were determined 
always by the proprieties of the occ^asion, and the whole Ixnly of 
language, and many of the illustrations, were such as wen» 
pn)mpted by X\m* hour. 

He now lK»gan, on his return to the university to which he had 
given the labor of his earlier years, the prepanttion of an extended 
gifHahuM of a cours<» of instruction in genenil geology. This is 
accompanied by copious n»ferences to sources of information — a 
sort of geological bibliography. The first part of this compilation 
relates to they>/<yx of ^/mfot^i/ aii<l the second to the theories of 
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</rr//o(r///. it is a vsiluubli* puuiplilet of lir)<K*tavo pages, iuo8tly 
in Hmall typ4». juul contains over 4,000 references to geological 
authorities. Tliis work he regarded us a basis for a contemplated 
hirger vohinie for scientific students and investigators, an<l he 
iulde<l to it. in liis interleavtMl working copy, a muUitude of addi- 
tional notes. 

1S80. His work on Preadaniites was published in April, 1S80. 
The lHX)k had Ikhmi larjjelv ordered in advance, and sohl well fn>ui 
the start, so that though the fii*st edition consisted of 1 130 (*opies, 
the publishe]*s began on a second edition within two wt»eks, and a 
third was called for bv November. The fifth has now l»een isHUcni 
some new nuitter having been added just before the author'n 
death. 

-Vs a lit«!nirv production this work was reccivinl with universul 
favor. As to the positions :issumed it is noteworthy that most of 
the religious journals either occui)ied a non-committal attitu<k% 
saying time was retjuinMl for i\\w consi<leration. or else they dojij- 
maticallv condemne<l the doctrines of thelutok. The Presbyteri- 
ans. (Cumberland Fresbvterians,* and Northern Methodists tn»ate<i 
the discussion with most intelligentre, and therefore with most 
toh»rance. The Baptists and Hpiscopalians and Southern .Metho- 
dists generally denounced the lKM)k and sometimes the author, 
without the slightest attention to the tenability of the iM»sitioim 
assumed. t On the contrary the secular an<l scientific joumalH 
receivtMl the work in a vcrv favorable nmnner. Of the se<'ular 
papers sonu* <'riticised the author for giving any attention to the 
nuMle of r(H*onciliation In^tween Prea<lamites and the Bible; and 
«>ne or two seemed disposed to ridicule for an alleginl pro-clerical 
developnuMit. This criticism of coui*He was otfset by those ortho- 
ch)x H'viewers who relegated the autlKU* to the liml»o which IioMh 
•Darwin. Spencer and Huxley, an<l suchlike. 

The following are (| notations fi'oin sonu' of the characteristic 

leviews: 

"There has been no work recently published upon the subject which 
can compare with this in importance. Professor VVincheirs reputation for 
learning and for sincerity, his repute as a student of physical science, 
and his special attitude toward what is called theconfiict between scieoce 
and religion render anything which he writes upon such a theme im- 
portant; and the present work is the more likely to attract atteotioo 

♦See lie view for Jan., 1H81. 

fSee Sofithern \(fthotlttkt (^uarh rly U^ri'^w (or *]iiu., 1881. 



Ah'^nnntrr Wnii'htU. 1 1 "> 

l)ecauso it is the fruit of an exhaustive study, not of one but of all the 
sources of information which can )>e supposed to throw light upon the 
({uestion, from the text and history of the Hebrew scriptures to the latest 
results of ethnological investigation." A'^/r Yorl Enning Pout. 

This hook gives us the amplification, and we believe the unanswerable 
defense of views which, upon their promulgation of two years ago, cost 
professor Winchell his lectureship at Vanderbilt I'niversity. * * * This 
great scholarly work shows its author alive in ever>' fiber. "^ * * The 
book is splendidly written, many passages of great beauty might be 
selected from it. It shows its autlior to b<' a man of mental power, 
great informatitm and extraordinary <'ulture.---V'<r Kinjhmd J^turiitd of 
Kdnrntioh. 

There is hardly a subject relating to hunuin progress and religion that 
is not conne<*ted in some way with the contents of this extraordinary 
production, and the writer shows that he is thoroughly e(|uipped for the 
task which he has so brilliantly accomplished. Prof. Winchell has a 
highly cultivated literary gift, and the style of his composition is clear, 
^»«*y» graphic and vigorous. But while the book is popidarly written its 
spirit and method are strictly scientific. The candor, logical acuteness 
and learning of the author will favorably impress the most prejudi<*ed. 
We regard the treatise as a remarkable and powerful contribution to tiie 
reconciliation of the Bible and modern science. No doubt some will 
draw inferences as to professor WinchelTs teachings that are alien to his 
belief: but if thev do it will not be because his disavowal of certain 
doi-trines is not sufficiently explicit. II. X. Powkiis, in th< Utrrnnj 
WotUI, Jnn* .">, 1880. 

* * * Dr. Winchell's b<x)k has a double interest which sh(*uld not be 
overlooked. Though making no claims of XXxm nature it is yet a valuable 
exposition of ethnologi<'al science, treating instructively a wide range of 
t|uestions in relation to the origin, distribution, characteristics and 
natural historv of the liuman races. * * * But while useful as a mere 
didactic discussion of anthropoh)gical 4uestions, the work has an interest 
of another kind in relation to the special object for which it was written. 
It is an al)le contribution to a serious modern controversv. * * * It is 
not too much to say that it settles the controversy: and all christian teach- 
ers who have anv irenuine interest in the adjustment of their beliefs so 
that thev shall harmoni/e witli scientific demonstrations, owe gratitude 
to the author of this work for the untiring labor that he has bestowed 
upon the inquir}', and the intrepi<l s|)irit in which he has pursued it, 
P't/fufar Sn'mc* Monthbf. Jtily^ 186if. 

Alexander Winchell, already a recognized authority in several brandies 
of scientific knowledge, in a volume recently issued with the al)Ove title, 
sings the TIhim humititH. If it were clothed in rhetoric it would deserve 
to rank as the epic of epics. * ♦ * It has the thrilling interest of a 
romance.- TJn JinUetin^ Snn Fntm-isro, ?'/(! }f<iy, 78^K 

Similar tributes were paid t4> the work by thcMf)iitn*al GmHtf, 
the H<mt<Mi Tnnrfhr. the Ho<«lM*stcr Mitnihni flrrtthl, Triibner's 
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Literary Record (London), the American NatHrnlUt, the Biblif^- 
theca Sacra, the MethodUt Quartcrlij Rericic^ the S<'oUinan 
(Edinburgh), and many other prominent journals. 

During the winter of 1880 and 81 he was engaged on '^Sparks* 
from a Geologist's Hammer." Some chapters on cosmogony, how- 
ever, expanded under his hands to such an extent that he de- 
termined to withhold them and develop this subject into a 
separate work. lie accordingly supplied their place with some 
new chapters, reserving the discussion of cosmogony for more 
leisure. 

Having Injen elected jirofessor of geology and paleontology in 
the Martha's Vine^^ard summer institute he delivered 25 lectures 
l)efore a class of students, and five more popular lectures on 
scientific subjects before the public. He also, meantime, delivered 
a public address on the Spn-nlatlvr coiisffjurnrfx of Ernlution 
lK»fore the * 'Institute of Christian Philosophy," at (rreenwood lake, 
on the boundary between New York and New Jersey. At Martha's 
Vineyard he made a large collection of Alga?, adding some 
specimens from Nahant and Marblehead. These were studied 
and carefuly mounted in an album volume after returning home. 

At Ann Arl)or he gradualh' became connected with some 
musical organizations, and gave much time t(» the perf(H?ting of 
their organization. The central organization, was the University 
Musical Society, incorporated under the law of the State, of which 
he was chosen president. This society organized three agencies: 
1. The Ann Arlx)r School of Music, of which he was vice-presi- 
dent of the Board of Trustees. 2. The (-horal Union, of which 
he was president, and ^>. The Orchestra. These organizations 
absorbed much of his time during the following year. 

1881. His work. Sparks /nun a (rcalnt/ist's Ifamtaer, appeare<l 
in the early winter of 1880-81. It was favorably received and 
met with a large and immediate sale. 

This superb work is of thrilling interest to every reader who has an 
iDtelligeut desire to know more of this wonderful planet on which we 
live. ♦ ♦ ♦ The chapter, **A group of Geologic Time,'' is worth more to 
the general reader than the price of the whole book. * * * The plan of 
the book is most admirable. Prof. Wincheirs tirst chapter takes the 
reader upon an interesting excursion to Mount Blanc and the Mer de 
Glace, where the tt'sthetic aspect of Geology, as there so beautifully dis- 
played, is presented. This is followed by three chapters, on the ^^Old 
Age of Continents,*' '^Obliterated Continents,** and *'A Grasp of Geologic 
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Time/* following with other chapters, climatic, historical and philosophi- 
cal. It is a treasur}" which should find a cherished place in every family 
library. — Boston Ilomt Journal. 

I 

Dr WincheirsjpVw d'esprit on the **Genealogy of Ships," (Chapter xii 
of this volume) remains one of the most influential contributions ever 
made to the literature of Evolution. — Ne^r York Obsercer. 

18S2. An article on Dnnrinism prepart*d for the American 
supplement i)f the ''Kncyclopedia Britannica," at the urgent re- 
quest of the editor, in June, 1882, did not appear in print till 
1 884. The summer of 1 882 was again spent at Martha's Vineyard. 
Besides his regular w)urses of lectures here, he gave the principle 
detlicatory address at the dedication of ^'Agassiz HaU. '' This, 
with full abstracts of his other popular lectures, was published in 
the Institute Herald. The abstracts were also published in the 
Boatou Jounidl of Srivncf. 

In the summer, at the Montreal meeting of the American 
Association for the Advancement of Science, he was chosen to 
preside over the section of Antlm)pology, in the absence of the 
regular oltlcer. In the autumn he wrote Tlw Experiment of 
Unh'erna! Suffrage, and Comnuniishi in the Unitetl Shit ex which 
were solicite<l and published by the proprietor of the North 
Anieriran Kevieic. Declining various other similiar solicitations 
he now resolved to devote himself to the completion of his long 
planne<I work on World Life, and lie accordingly devoted to this 
most of the leisure found among the numberless duties, diversions 
and j>etty distractions of domestic, social and professional life. 
He yielded to perhaps a dozen retiuests to deliver |>opular scientific 
addresses, mostly within the state of Michigan. 

In 188^5. The work uf)on World Life involved a great amount 
of study and research. The subject had indeed occupied his 
thoughts for many years, and many of the processes had been 
reasoneil out in all their detail. But he desired now to present 
the discussion in greater completeness and upon a more vigorous 
basis of scientific eviilence. The field widened as he proceeded. 
New avenues of research were disclosefl. Following these, one 
after another, he develoinnl conclusions which w^ere unexpected, 
and new, and some of which were an interesting suq)rise to him- 
self. Sometimes he pursued these researches by the aid of math- 
ematics, and all the old ardor of his earlier years was rekindled. 
In several instances he made attempts to submit his methods and 
results to competent critics. His speculations on the influence of 
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eosmio ti(U»s, iiiulon meridioiialitv in tlu» t»artirs structural features. 

• 

hjul Imhmi su])nntte(l, in 1SH2. to l^rof. James I>. l)anH. Later he 
proposiMl to brin^ tlieni under tlie notice of Dr. J. K. lliiganl. 
of Wasliin^ton; hut no criticisms or judjriuentseouldheohtaineil. 
professor Ililpird saying lie was not familiar with that niiige of 
investigation. His conclusions on the evolution of heat by pro- 
cesses of contraction he bnnight before the Ann ArlM>r Scientific 
Assm'iation (of which he was president) on the occnision of two 
me*»tings, in the hearing of prof(»ssors Harrington an<l Wead. 
likewise the sul)ject of annidation of nebulous masses, and the 
width of 4he n>sultant ring, with a view <»f eliciting opinions. 
Twice Prof. Wead was invited to his studv for the discussion of 
certain |M)ints — isjiecially M. Fayes modification of the -^nebular 
theory' as presented in ('mnptm Jitinhis (xc, t»*>7-4;>): but the sub- 
ject was new to Prof. Wt»ad. 

AVhatever new processes or results, therefore, there may 1h» 
found in Wttrhl Lifv were worked out by its author in complete 
isolation from all living thinkers. Very much of it was pioneer 
work, and the mathematical instrument emploveel had l»een lon&r 
disuseil. lie felt that great danger i'xistcMl of falling into Miaie 
grave errors, and lu' knew that as s<M»n as they were in print and 
lK»vond recall, there wouhl be a class of scientific critics who 
w<mld take any pains to <lemonstrate their smartness. He greatly 
<lesired to submit (Mtints in his manuscript to the examination of 
experts, but there seemed to be uoImmIv |)repared to act in that 
<*apacity. He therefore had to assume all the risks or forego the 
publication. 

It was during the concentration of m»rvous and mental em»rgy 
on this volume that he was called <»n. during the disabilitv of J>r. 
B. F. Cocker, lioth bv the president of the rnivei*sitvand bv I>r. 
Cocker himself, to conchict the latt<*r"s class in speculative philos- 
ophy. He con1inue<l Dr. Cockers method — a daily lw»tuiv — :uid 
he h(Te drew u|M>n his manuscript volume on •Intelligence and 
Ueligion:'" ami he put a synoi)sis of the "Theistic Argument"' 
into printed form, in all its ramifi(*ations, for the use and at the 
insUince of his cla.ss. In a similar manner he condensed, into a 
synopsis of eight <K*t a vo pages, his whole work (yet unpublishetl) 
on •Intelligence and Keligion. In <'(»nse(|uence of this double 
<luty it ap|M»4irs that one of the secondary i'rt'e<*ts of the mala<ly 
with wirM'h he was suffering, as ma<le appartMit by the post nior- 
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tern t'xiiiniimtion, w:is iiitcMisiHed, aii<l causod a temporary <lis- 
ablement. It wjis manifested in eontimied headache, and Dr. 
Dnnster, of the medical faculty, was caUed for advice. Tie ex- 
pressed the opinion that mental etfort too unremitted had pro- 
duced a clironic congestion of the eapi Maries at tlie b:ise of the 
brain. Whether the diagnosis as to cause was correct or not, ;is 
to etft*ct there can now be notpiestion, since the )»iood vessels at the 
base of the brain, as well as in other parts of the lK)dv, and es- 
jx^cially the aorta, were ''congested' and contracted by ossification. 

lb*. Cocker having deceased in April, the I'niversity Senate re- 
<juested Prof. Winchell to deliver a memorial discourse on the 
Sundav (»f Commencement week. This was delivere<l on June 
24, and it was published in pamphlet form by the Univei-sity. 
Dr. Co<'ker had l)een intimate with lb*. Winchell for manv vears. 
Their communitv of studv had at!iliate<l them, and a touching: 
l)ei*somil regard was felt mutually. Nothing could excel the 
reverent, tender and Ix^autiful tribute which he now paid to the 
life and personal character and the work of his lost colK»ague. 
He wrote tender and api)reciative memorials of several of the 
University faculty when deceased, but into none of them <lid he- 
throw the ardor of his love and the jKdish of rhetorical expres- 
sion and the searching analysis of character that marks thispajn^r. 
It will probably long remain the model, par excellence, of obitu- 
ary memorials of deceased professors at Ann Arlx)r. 

His ''World Life, or Comparative (ieology" was issued in 
Novemlier, 188IJ. Its scope is set forth modestly in the ojiening 
j)assage fn>m the i)reface as ''a thoughtful view of the processes 
of world formation, world growth and world decadence." The 
subjects <riscu.sse<l are the most elevating and sublime within the 
range of human knowle<lge. it was well n^eeived by the public, 
as well as l)v scientific critics. 

One of the ablest works of the day. In involves conceptions whose 
tremendous scope takes one's breath- -before whose awful magnitude 
even imaginatioQ hesitates appalled: but among these vast themes Dr. 
Winchell moves with the assured ^ep of a familiar. — Chicoffo Tinn's. 

This volume is Dr. WinchelTs masterpiece. It furnishes us a mag- 
nificent survey of universal structural (-osniogony, such as ha.'^ not hith- 
erto appeared.— .V^Mo</i«^ (^narterly Jftrt>ir^ Jan., 1^84, 

There is something very fttscinating in the book, so grand and simple 
are its generalizations, so vivid is its panorama of the mighty courses of 
creation, so lik** a romance of the hi'avens do«'S it read, with its orderly 



••volution of dramatiH pf rsoim" risinir out of the limitless spares, passing 
acmss the astronomical stage an<l tlesctending again into the depths 
whence thev rone. It is a work of immense leamini;. — Sfir V'/rl' Homr 
J our lull. 

The sy*Jtematic and v«*ry comprehensive way in which the author has 
treated most of the important questions of the day that concern ec[ually 
the sciences of astronomy, geology and physics, nuikes the work a mofit 
timely one, and the <andor. research and indep«*ndent thought which 
have !ie<*n given to this task are points of excellence that the scientist n» 
well as the pof'Ular reader will appreciate. * ♦ * * a perusal of 
the lKK)k has led the writer to think that It is one of the most important 
<-ontrihutions to s<-ience that has appeared in America, at least for years. 
— 77</' Siilt I'f'al Jft'snt II fj* r. 

We know of no other work in which tin- reader vim find a full, con- 
ne<'ted and systematic ]»resentation of the results of cosmical research 
that will conipare with this. — Pojmhir Sn'run Mouthy, Feb., 1S84. 

1SS4. In rapi<l succession uppcarcd ••<ie<)lo<rical Kxcursions, * 
a ni<linicntarv Ujok for voun<r learners in jr(M>lo<rv. and ••(foolog- 
ical Studies. '* a text-lM»ok of liitxiicr jrrade. }K)th publisluKl hy S. 
V. (Jrijfjrs & Co.. of Chicago. Tlic immediate instipttion U> tlie 
preparation of the former was a retiuest for such a w<^)rk frr»m a 
Hoston publisher. It appt»anMl in May. 1S>^4. It is on a [dan 
entirely new anionir text -hooks of jreolojrv. The effort was made 
to <U) for geology what has been done espc'cially for l^otany, in 
dire<*ting tin* learnt'r s attention U) the characters of some of tlie 
most familiar objc'cts. instead of putting l)efore him an arn*y of 
a)»stract definitions. tlieori(;s and classitications which cannot \h} 
appre<'iated by those faculties iji easiest and most active exercise 
in the child. 

He <*ontributed an article to the Uomihtir Muntlilif iS. Y. ) iu 
March, which app<»are(l in a 'Symposium ' on the question: **Is 
the Darwinian theory of 4'V(dution reconcilable with the Bible?" 
Otlwr writers in this symposium are Hev. Di*s. Patton and MoCosh 
of Princeton, and I>r. fiulliver. of Andover. He contribnt<*<l 
matter amountiuL!: to 4.'). 000 words to ''.I<dinson's Animal Kintr- 
dom Illustrated. ' mainly on zoological t(»pics. and distribnttnl 
through 22 different articles. This was published in the early 
part of 1 SS.*!. 

ISS.'). In the Su[)[)lenHMit to -McClintot'k and Strong's (\clo- 
p<*dia ap[>eared hi^ artii-le on Kvolution. This is a genenil ex- 
]>osition of thesubje<'t — its definitions. hist<»rv. <loctrines. proofs, 
speculations, theories and literature, <'onsisting of IKOOO wonls 



His Gt'oliHjirnl Sftufirs, oil wliicli he Spent his leisure in 1SS5, 
Avas lK»trnii in NoveiiilM^r, 1SS4. The work has the same simple 
inductive method as G*ithnfival Kmnstons. The treatment is 
hasi»d lar^<»ly on Ameriean ^(»oh>o:y. This work was interrupttnl 
bv the Ann Arlx)r meetinjr <>f the Ameriean Association for the 
Advancement of Science, for which he prepared three communi- 
cations, on T/if Gtnloau of Ann Arhnr. out* on JSoiircfS nf Tn'inl 
*nul (.^ruxtnJ Sni'filnsmj*\ an<l the third on Sfioinofnj)oroi(fs. The 
si»eon<l paper appears in condensiMl form in the Proceedings, and 
in the American Journal of Science, necemlier. ISS.'i. in full. 
His third paper was orally presented in the IJiological Section, 
and was illustrated by a series of micro-plioto»jraphs of his own 
make. desi*jned to sh<»w the interior and cellular structure. 

ISHO. At the solicitation of Kev. lb*. .J. II. Vincent, of 
<'hautau(iua fame, he contracttMl in December. ISS.'), to supply 
the manuscript for a work, afterward publisluMl as ]Fr///.x tmtf 
Talks in ffir Gttthnjlml Fit hi. to be ready by April 1, lSSr». His 
'•Geological Studies ' was in i>res.s, his <laily rnivei*sity dutit^s 
were exacting, his professional interruptions were numerous and 
aggravating, but this exacting ccmtnu't. on which he labcjrtMl 
iiHsiduously, was complied with, and the manuscript was written 
by February ITi. and was in the publisher's hands March 10, 1KS<». 
Meantime from various directions came multiplied solicitations to 
write an<l to lecture, and to some of them he felt constrained to 
yield. Among them was a re<piest for an article for The Forum. 
The subject of this essay was Srunn ^nnl tin Stntr. Another was 
-I Wnlh innlrr tlu- Sta. written for TrtuAnn' Ti'ove, New York. 
Lectures were delivered in Chicago and Kockfonl. 111., and in 
sevend places in Michigan. 

Karlv in Mav he delivered a series of lectures Iwfore the Kose 
Polytechnic* Institute, at Terre Uaut<\ Ind. — meantime nn^eiving 
prc»ofs daily from his jniblishers in Chicago and Cincinnati. 
Later he drew ui>. at the nnpuvst of the <lirector of the W S. 
<feological Survey a manuscript of 102 pp. d<»voted to a hist<»ry 
of the i>ast gcH>logical surveys in Michigan. 

As he pas.scMl through Chicago. July 1. on his way to the wilder- 
ness of northern Minnesota, la? received fnmi S. C. (iriggs &Co., 
the tii*st tinislunl copy of his Gfoloyivnl Stmlits^ the same day on 
which his Wnlhn ami Talh'x was put on the market from Cincinnati. 

An euirasjrement had Vhhmi mad«' in >[arch with the Minnesota 
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iteological Survey to spend the summer in field-work in the ex- 
treme northern portion of that state, north of lake Superior. 
Aeconlingly he left home June 28, and did not return till Sept. 
2J». ThrtH? months were spent in arduous and trj'ing work on the 
Arehiean rocks in a wilderness fiu* removed from civilization and 
mail connections, where for seven weeks at a time no opportun- 
itv existed to send or receive a letter. The survevs were con- 
ilucte<l in birch bark canoes, along the rocky shores of hundreds 
of small lakes, and the passage from lake to lake was made over 
**|M>rtages. "' His work extended into twent\-four townships. 
He noted and studied the rock-outcrops at 8!)0 localities, ami 
passiMl over VIW portages whose aggregate length was 43 miles. 
These i>ortages are foot- trails, more or less blind, thi*ough forests, 
swamps and hilly districts and at times are extremely ardu(ms. 
even to oiu* having nothing to carrv. The observations made 
were imix)rtant. and were foun<l to throw much light on some of 
the problems of Archjean geology. The report on this work, in 
its ofHcial form, was pul)lished in the Fifteenth Annual Report of 
the Minnesota survev, 

1SS7. Having lectured in Oct., ('8<)) at the Wayla nd Teacher s 
Institute, and at Chicago in November, where he fouml himself 
"|H>sted. after the lecture in an advertised place where people who 
came to the lecture to net- /<///<, could take him by the hand and s)>e]ik 
a word. ' an<l in Memphis, TtMin., where he' was welcomed and 
entertained with the greatest cordiality, but where the clei*gymen 
dwliiUMl on Snndnv to make announcement of his intended Sunday 
evening lecture on Sriiun- ('hriiitiuin'tii s Allj/^ at Middletown, C't., 
before the students, at .Meriden, Ct., at Ih'troit and Armada. 
.>lich.. he spent the most of his leisure in the winter of lS8r»-87 in 
thestu<ly of Archiean jiroblems connected with the preparation of 
his fii*st >[innesot:i report. In March he receive<l the provisional 
offer of the direct* u*ship of the Arkansas (iIeol<»gical Survey, then 
lat<»ly institnled, but in rei)ly he imposed such conditions, (viz: 
that one half of his tinu' slionhl be si)ent at Ann ArlM)r) that the 
governor sought s<»nie one who could devote himself entindv to 
it, subs(»<iuenlly appointing Vrof. .1. ('. Hranner. In May he 
pn'jmnMl a chapter on ^#Vo/m/// «iml tin Hihh. publishcil in 
I>etr<»it in a v(»Unne styled Sitjnnl Lifjhts^ and others for the 
lloniihtir lkir!*'ir, Si'iftx f'rns.s, and Fininii \\\\{\ prepan*d a dt*8crip- 
tion.witli drawings. of a skeleton of J^htf »/ //on us mm ^H-fsxitx fouml in 
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Tieinity of a poat bed we>st of Osseo, Mich.* In June he (h»livercMl 
the coin uieneement address at Ogden (V)Ileo:e, Howlinj^frreen, Ky. 
and on June 24th was at Sault St. Mary, Mich., where he entered 
on an examination of the original Unronian region under tlie 
auspices of tlie Minnesota survey. At the banijuet at the semi- 
centennial of the rnivei*sity <»f Michigan he repri»sented the 
University of Uologna, in a brief address whicli is incoq>orated in 
tlie publislied vohime devoted to the occasion. 

On the Minnesota Survey he spent another season of anhious 
tield-work. The observations whicli he made lie considered verv 
im|>ortant. and they furnished the basis of several (H)mmunica- 
lions to .scientific pericKlicals. The plan of the season carried 
iiim not only over the original Hui*onian area, but also over the 
iron regions of northern Michigan and Wisconsin, and finally into 
the area of the Animikie in northern Minnesota. He entered with 
greut zest into the stu<ly and discussi<»n of practical (juestions 
itouching the stratigraphic relations of the older terranes, and his 
rapid noting of inspection carefully niatle in the field atfordcul a 
vast ma.ss ^-if data the discussion of which, in their full and final 
j*ctnK», he was never able to complete. July 1I» he gave a public 
Je<:ture at Ishjieming, Michigan, on Emhition. and Dec*. 20, he 
read a paper before the Si)ciety of Natundists at New Haven, 
<'onneciticut. 

ISSS. He united with several other giM»logists in the establish- 
ment of the Ampiicnn (iejthHjiHt, the first numlier of which 
AplKnired l»efore Christmas. 1SH7, and throughout all its viilunu^ 
may be seen the evidence of his zeal in its behalf. 

Fie laid plans now to undertake the thorough examination and 
^iiscussion of the data of the Arcluean nH»ks. He not only pn»- 
]K>s«»<i to investigate their field-relations, but their jK^trographic 
^•han*cters. He supplied himself rapi<lly with the m»cessarv 
Jitenitun* and apparatus. Although the undertaking was vast, 
mid his health was precarious he (»ntered uiK>n the subject with 
the thoroughness and ambiti<»n of a man not yet out of his thin) 
decjule. A new field of science was opened K^fore him, and with 
the undaunted front which he alwavs lK>re lH»fore such difficulties 
lie n*solutelv attacked its strongest rtHh»ubts. He was ann<»ved, 
Jiowever, by applications for Un'tures and popular articles. These 
Jie now mostly dcn^lined — only app^'arin^r before the Brooklyn 

♦M»»nti<med in the Afnerit'nn (hohtjiHty vdI. 1, p. r»7. 
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Institute*, the Svnicnso rniwn^itv. the riiiversitv Convocation at 

• • » 

Allmny. N. Y.. an<l some |>hict*s in Michigan. 

At the Clevchind uicctiii«r of the American Ass4K'iation for the 
Advanct»ment of S<*ienci' he gave orally a statement l>efore 
Section K. of S4^me ^-Svstematic n*sults of a field stndv of the 
Arcluejin rocks of the Northwest. * At a meeting of geologists 
for the organization of the Geological Societv of America lie waii 
the <*hairman. an<l he also |>reside<l i>ver the • -organizing i^immit- 
tiH\" liotli then an<l sul»se<|uently at the meetings at Itlnica, an<l 
was (*ontiinied as (*hairman of the s:ime committee for the pnr- 
|M>se of pn^paring the i»ernianent fninstilution ami i>erfecting the 
organization. 

A si»ries of pa|)ei*s which helK»g:ui in the Amkkhan <1k«»l«mjist 
on ••(i(»ology as :i nunins of culture* were amplified and extendeel 
into a small volume which wiis concluded in NovenilH»r. This 
little work. entitlcHl 'Shall we teach (ieolojiv?" is intended to 
show that geology is adapte<l to younger pupils than geneniUy jire 
allowcMl to stu<ly it. Showing that it has those iHlucalional qiial- 
ities that make it w«>rlhy of the highest esteem in a school curric- 
ulum, and that it is the result of :i tratlilional pnHKVupancy of 
the field \\s other bninches. that it is not admitte<l into the grades* 
that prect*de the (H>llege <H»urse. he calls attention to the cilistacles 
that lie in the way of a reform. The language is vigorous and 
din»ct. an<l the* work has already productnl a refiective reofuisid- 
eration of school coui*ses in sevend important cMlucational centres. 

ISSH. In pui*suance (►f his Arclneau studies he engagcMl in a 
review of American opinion on the Presilurian i*ocks. and com- 
municated his results to the eighteenth ivjmjiI of the Minm*sota 
survey. This review ahsorU'd a vji.st amount of time and patient 
research. It is characterized by the fairness exhibit tnl in the (con- 
densed statements of results ami opinions of earlier gt*ologists. 
niid it forms a useful au<l very valuable o»m|>end for reference. 
At Toronto he |»restMite<l further results of his work in northern 
Minnesota. \\ this place the i^'vised const it ution of the (ieologi- 
eal Society of America wa> re[M>rted and finally approve<l. He 
had sc(Mi the whole history of this enterprise fi*om the time it t«K>k 
some definite ^^liapc at Ch'veland. ().. till it hail its first public 
meeting for the reading of papei"s. at Toronto, and had niirseil it 
faithfully lb' uas gratified now to know that it had a(^|Uire<l 
the s*'niblance as well as the substance of a healthful organization 
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fupahlc of jielf-siipiMjit. At the nu'etiii<r of Soctioii K lu» |>ro- 
seiito<l a pajK*!' on The ijeoloijivaJ poHitvm nf tin' Onixhhf vomjhtm- 
irntr, in which ho incliiuMl to consider it as an integral part of the 
K(M»\vat in formation. In 1SS9 lie made several leetnrinjj; trips, 
viz., A<la, Ohio, Madison T'nivei*sitv, (N. Y.), (Jreenville and 
Hjistin*rs, Mich., Hntfalo. X. V., Jlsirtfonl. Ct., and contril)iite(l 
varions minor impers to journals, inclnding a memorial of l>r. 
IFenrv S. Frieze, who had long Vieen his colleague in the T'niver- 
sitv of >[ichigan, pnblished in the Universitv Chronirh , 

1S90. The amoniit of work which he accomplished the hust 
year of his life, as indicated bv the <liarv and the tield-noU»s 
which he kept, is amazing. A literal transcript of them wonld 
still lint partially express it. since his regular class and mnsenm 
and lalK>ratorv lal>oi*s are imt given in detail. A man in his state 
of health generally spares himself, by cn.ilailing his daily lalxn*. 
lait it was (piite the contrary with him. His work In^came more 
Imnlensome and mnltifarions. lie shirked nothing. He did not 
even dtvline to answer the nnmerons letters whi<*h songlit trivial 
information — .some of which riMinired several i>ages. He lectnred 
in Chicago, Bowling (Jreen. Hamilton. St. Panl and Detroit. Ife 
was several times in Washington. New York or Boston, t4» atteml 
the meetings of the Organizing (\>mmittee of the International 
(Viiigress of (ieol<»gists, and the (Vmncil of the (J (K)logical Society 
of America. In the snmmer he was <reologist to the Kockv 
Monntain clnb, which made an excnrsi<»n from St. Panl, traveling 
4,I>T1 miles in ]!> states and territories, attended the scientitic 
meetings at Indianapolis, where he presided over the (lOological 
Society of America, projected, and in conjnnction with the in- 
terested professors at Ann ArUir, pri'pared a memorial, accom- 
panied by <letailed plans, nrging additions to the scientitic lal»ora- 
tories of the I'niversity. presenting the same Ijefore committet^s 
and In^fore the full Board of Hegents. made a gt»oh>gical snrvey 
of a region near Echo lake in Ontario, on which he based his bust 
communication t<» the (Geological Society. -A last wonl with ^the 
Hnronian." made a lengthy resi)oikse to a toast •♦The rniversity," 
at a baiKpiet. in Detniit. He was presiilent and director of the 
rniversity .NInsical Society, president of the Hoard of the \Ves- 
levan (Inild. for which he preparetl a pamphh^t. giving its consti- 
tntioii. plan and pnr[»oses. presid*»nt of the Trnstees of the Meth- 
odist Kpis<'opal church at Ann Arljor. and was just electcMl pn»si- 
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dent of thi* (IcHjlogicjil Society of America. His lettcr-lKK>k for 
IHDO contsiiiirt 4S7 copied letters. His piihlisluMl manuscript 
iimounts for lHl»0,to 21)5 octavo paj>:es,an(l that which n^mains iin- 
I>ubliBiie(l i8 estimated at alH)iit 100 pa^es more. 

1801. This year was Ikj^ui witli the same restUtss activity aatl 
far-reaching plans, bnt ho soon found himself incapacitated. His 

sickness was brief, and he died, as already detailed, on Fobriisirv 

. fc • •• 

10. 1801. when he was bnt little past (>(» years of age. 

Ill ins SCIK.NTIKIC WOIIK. 

The most of Alexander WincheH's work was scientilic, but as 
he followed his rest^arches in their remote ramifications he foun<l 
himself articulating with other fields, and making the ac(|uaint- 
ance of scholars who did not consider themselves scientists. All 
his processes anil conclusions, however, were characterizo<l by 
strict adherance to .scientific evideni'e and methods. He ditTero<l 
fix>m most scientists in that he did not hesitate to follow anv line 
of investigation, although it was bnt .secondary to his main pur- 
l)ose. Thus he was injually at home in most of the ^^natund 
sciences" and in mathematics, astronomy. phih)sophy an<l 
ethnology. AVhcnc'ver his many-sided genius inspiretl him to 
enter upon a coui*se of systematic study, his fertile pen, with a 
rea<ly command of apt expression, recorded his observations and 
his thoughts, and this const itute<l nuu*h of his scientific work. 
He sometimes lanuMited that he was so --fatallv balanced" that his 
energies, instead of lieing turned unitedly to one obj(»i»t were |K*r 
petualiy <listracted by the i)rosecution of all in succession. His 
achievenu»nts, however, in almost anv one of the scienct»s in whi<rh 
he lalM»red. would constitute an honc»rable record, and when thev 
are considered in their aggregate they mount up to a sum total 
which it seems alni<»st im|M>ssibh* for one human life to (*oiii- 
pass. 

It is not |)ossible. nor jierhaps would it l)e appropriate and 
]»rofitable. here to enter ui)on an analysis of the scientific publi- 
<*ations <»f Alexander Winchell. nor even to attempt to |>oint out 
those facts and ideas which he added to the sum of human 
knowledge. The <liscriniinating stiulent. of the future, will Ih^ 
abK\ fr<»ui the followin«r li^^t. to idtMitifv his pulilications. and to 

■ ^ * ft 

as<Tibc to each such value as it niav deserve. 
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JHG."), Descriptions of New Species of Fossils, from the Marshall CTn>up 
of Michigan, and its supposed e<|uivalents in other States: with 
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Kentucky Tniversity, Conitnencement Day, .lune 2><, 1H(J6. Cin- 
<innati, 1S66. s pp. 30. 
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1809. Rei>ort of Oi»erations in the Museum of the University of Michi- 
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l'^>2 1'ltfAlnrr!rnii (JtofftgiMt. Kebniary. 18Be 

dfHtiny of the Kartli and the Solar System, witli illustrations. 
New York: Harper »k Brothers, Publishers, Franklin Square. 
IHIO. VI pp. 451». 
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1570. R«'port of Operati<ms in the Museum of the University of Mich- 

igan in the Department of Geology, Zoology, and Botany, for the 
year ending Sept. li), 1H70. Ann Arbor. 1H70. [Published by 
Board of Regents. | 

1H71. On the (Jeological Age and E<|uivalentM of the Marshall Group. 
Pror, Ai,nr. PhiloH. Sor.^ xi, is7i, pp. 57-S2, 385-41S. 
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pp. 27r»-2s>. 

1571. Scientiti<" Kducation. (Ji reinotiitH ond SinnheA o( the De4Hcotion of 

Oroiif/r J mid Jfoll of Xdt. Sri.^ Middlrtotrii^Ct,^ pp. 31-68. 
1H71. The Soils ami (Geological Feature.-* of Michigan. The TrattUr 

J^ni<fo/t^ Knij.^ i, 1^71, p. fw;. 
ISll. Rj'port of Operations in the Museum of the University of ^lich- 

igan in the Department of (Geology, Zoology, and Botany, and the 

Department of Archaeology and Relics, for the year ending. 

Sept. 'V,\ 1^71. Ann Arbor. 1S71. | Publishe«l by tlie Board of 

Regents.] 8 pp. 12. 

1872. Manifestaticms of Power in Creation. Snndoy School Jonrmtf^ 

Jan., 1S72, pp. \-i\. 

1572. Manifestations of 1 ntelligence in Creation. Sundoy Srho*d Jotirnaf^ 

Feb., 1S72, pp. 2r» 27. 
1872. ^lanifestation-^ of Beneficeueo in Creation. Sv luhi y Sehind Jou rmtf ^ 
Marcii, 1^72, pp. :.()-51. 



1ST2. Tlie Search fi^r Knowledge. Th Chronirh {Unir, }fifhX May. 

1H73, pp. 
1S72 Heport of a Geoloirical Survey of the ViciDityof Belle Plain, Scott 

Countv, Minn. Printed bv order of the Senate. St. Paul. 187*i. 

s pp. 16, with cut. 
1S72 U (iod ('ogni/able by Keason ? Milk. Qwtrt. Uer., liii, 1872, pp. 

442-44^. I Separate, with additions] 

1572. Admission to the I'niversity. What is required in Botany, 

Zoolog}', and (teoloiry. }fffh. Tmeht}\ viii, 1872, pp. 147-151. 
1872. Tlie Unity of Creation. S undu if Srhoof Journal, June, 1872, pp. 

122-124.* 
1872. The Religious Nature of Man. Smuhiy Srftoo/ Jonnmt^,}\\\\y 1872, 

pp. 145-147. 
1H72. Moses and (ieology. Sumhnf Schud Jonrnol^ Aug., 1872, pp. 111- 

172. 
1872. The Mosaic Deluge. Sunday Srho^d Jonrnal^ Sept., 1872, pp. 1»:J- 

195. 
1872. Man in the Light of Geology. Suntlay Srfmof Journal, Oct., 1872, 

pp. 219-221. 

1872. Finiteness of the Kxisting Order of Things. Sunday School Jour- 

nal, Nov., 1872. pp. 241-24:5. 
1H72. The Bible in the Light of Nature. Sunday School Journal, Dec, 

1872, pp. ol-.j.T 

lH7i^. [Supplement to] Moses and (neology. Sunday School Journal, .Ian. 

1873, pp. 13-14. 

1873. Heport of Operations in the Museum of the l^niversity of Mich- 

igan, in the Department of Geology and Botany and the Depart- 
ment of Arclui'ology and Kthnology, for the sixteen months end- 
ing January 14, 1873, 8 pp. 20. 
1873. The Modern I'niversitv. An Inauirurul Address as Chancellor 
of Syracuse University, Feb. 13, 1873. s pp.37, f Also includetl 
in Addresses and Other Kxercises at the Inauguration of Alex- 
ander AVinchell, etc., etc. pp. 43-79.) 

1573. Speech at the Laying of the Corner Stone of the Sage College of 

the Cornell University, May l.\ 1HT3. 12 pp. 17 3(>. 
1873. The Diagonal System in the Physical Features of Michigan. 

Anur, Journ, Set. Acts, 3d series, vi. 1873, pp. 30-40. 
1873. The Geoloirv of the Stars. Boston.- Estes »& Lauriat. JIalf Hour 

Jlccreations in Pojk Set'., No. 7, pp. 25r)-2S(». 
1S73. The Unitv of the Physical World, I. Facts of Co-Existence. 

Meth. Qnart. llet., Iv, 1873, pp. lSl-20."». 
1873. Report of the Syracuse University. Addresse«l to the Central 

New York Conference, Sept. 24, 1873, pp. 4. 
1873. Michigan. Being Condensed Popular Sketches of the Topog 

raphy, Climate an«l Geology of the State, s pp. 121, with 8 

lithographic and colored charts, extracted from )Valh'ng'ti Alias 

of Mich. 



1K74, The Initr of the I^vskrml WorW, II. F«ct« of Succession. 
Mnh. Qtuirt. JUr^ W\. 1k;4, pp. 2^^. 

1HT4. Th** Doctrioe of Evolution: Its IHUu it« Principles, itg Specula- 
tioni»,&nd it* Theistic Bearings. X**!!- York: Harper*: Brothers, 
PubliKhers, Franklin $<|uare. 1874. 12 pp. 14>i. 

1H74. He|>ort of Syracuse University to the Board of Regents of the 
I'nivenilty of the State of New York. l*^Tth lirport «*/* /A/ 
UrffnitB, 18T4. 

IHT4. Keport of the Syracuse I' niverslty. April ••, 1^<74. To the Con- 
ferences of the Methodii*t Episco|^l Church in the State of New 
York. ^ pp. 4. 

1x74. Syracuse Tniversity. Annual Report to the Boanl of Trustees, 
Presented June 2.*{, ls74, and ordered printed, s pp. 17. 

1870. Keliirous Ideas Amon;r Harlmrous Tril>es. Meth. t^*uirt, R*r.^ Ivii, 
1875, pp. 5-27. 

IH*.'). The Religious Nature of Savuires. Meth. i^nart. lire, Ivii, 1875,pp. 

lH7r*. Tlioughts on Causality, with References to Phases of Recent 

S'ieuce. Tntrm. Afhimy Jtn*t., Feb. 4, lS7o. 
1H75. Syllabus of a Course of Lectures ou (ieology, to be delivered in 

the Syracuse I'ni versify durin;r the Winter Term of 1874-5, 

Syracuse. 1875, 8 pp. 82. 
1^15. School of (ieology in tlie Syraeuse University. 8 pp.4.- [Pro- 

je<t of. I 
1875. Supposed Agency of Ice Floes in the Champlain Epoch. »p/<- 

(ifir' Monthly^ Toledo^ Oct., 1S75, pp. 
|h75. Supposed Agency of Ice-Floes in the Champlain E|>och. Amer. 

Jour. Sci. d' Arttt, ;W series, xi, 187r), pp. 225-228. 
1875. R4>ctifi<*ation of the iteologiciil Map of Michigan. Pror. Amer. 

AMiior. A*/r. Sri., xxiv, 1><75, pp. 27-4:5. 
1875. Plan of A<lvanced Courses of Study in (Geology and Zo<»logy.. 

Published by Svnicuse University. 12 pp. (5. 
IH'tVi. Climate and Time. A Review of ( "roll's Climate and Time. In- 

ttrnatioual litr., July Aug., 1870, pp. 51l> 52(). 
187<;. The Dawn of Life. A Review of Dawson's **The Dawn of Life.*' 

luftrmttiomii Her., .l\\\y \ug., I87<{, pp. 541-544. 
187r». Go<l in the World. A Review of Cocker's Theistic Uouception of 

the Worid. Mrth. (^uarf. Err., Iviii, is7t», pp. 511 529. 
1877. Huxley and Evolution. JA/A. (^^ntrt. /^ r., Hv, 1877, pp. 280-3a5. 
IS77. Preadamites. MiVlintork und Sirvinjn <'ifrt„. Bih.^ Thud., und 

h'rr/t. J, it. 1877. 

1S77. Rt'<'(>n(*iliation of Science iin<l Reliiriou. New York: Hari>er «& 

lirothers, Publishers, Franklin Squaire, 1S77. 12 pp. 40:$. 
ls7S. Adamites and l^readumites. Syracuse, N. Y.: .John F. Roberta. 

1X78. s pp. 52. (Reprint of ten articles hi Xorthrnt Chrintinn 

Adronitr, Pamphlet). 
|sTH. MasttMlofi and Mammoth. Published bv Prof. H. A. Ward fronii 

.irTii b> in y*w V^nh Ti ihof,*.^ Aug. 17, 1S7S. s pp. 10. 
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187K ruiveraity Control. Read before the University Convocation, 

July 10. Nitwty-Jirst Annual Repm-t of thr Rf gents of the C'nirer- 

xitf/, 8 pp. 12. 
1879. Syllabus of a Course of Lectures on (leology, Delivered before 

the State Normal School at Potsdam, N. Y , May 19 81, 1879. 8 

pp. 7. 

1879. The SaniUry Geology of Nashville, [Tenn.J: or, the Geological 

Structure of Nashville in Relation to Drainage, Springs, Wells, 
and Cellars 8' pp. 14. Report of the Nashville Board of 
Health. 1878. 

1880. The Metaphysics of Science. NortJi Amer. Rer,, Jan., 1H80. pp. 

H984. 

1880. Syllabus of Courses of Lectures and Instruction in General Geol- 

ogyi with References to Sources of Information. Ann Arbor: 
Sheehan & Company. 1879. 8- pp.115. 

IS*^. Preadamites: or, a Demonstration of Existence of Men before 
Adam. Together with a Study of their Condition, Antiquity, 
Racial Affinities, and Progressive Dispersion over the Earth. 
With Charts and other illustrations. Chicago: 8. C. Griggs and 
Company. London: TrUbner & Co. IHHO. 8 pp. xxvi, 500, 8 
charts, frontispiece, 57 woodcuts. 

1S81. Geologj' of Washtenaw County, Michigan. [Extracted by per- 
mission from the History of Washtenaw County.] Chicago: 
Charles C. Chapman A: Co. 1S8I. s pp.30. Hint. W'aMennir 
Co,^ pp. 141-172. 

1881. The Study of Mankind. A review of Taylor's Anthropology. 

The Dial, Cht'an/o, 1881, pp. - . 

1881. The Human Career. A r.-view of Lesley's Man's Origin and Des- 
tiny. The Dial, Oct., 1881, pp. — . 

1881. Sparks from a Geologist's Hammer Chicago: 8. C. Griggs & 

Co., 1881. 12 pp.400. 20 illustrations. 

\Xf<i. The Climate of Michigan. A paper read at the Annual Meeting 
of the State Horticultural Society, Dec. 7, 1880 [Extracted 
from the Annual Report of the Society for 1880.) 8 pp. 11. 
Ann. Rep. Statr I fort. Sor., 1880, pp. 155-163. 

1881. James Craig Watson. [Biographical Sketch.) AiMr.Jour Sri. 

c(- Art%.^ xxi, 3d series, 1881, pp. 62-65. Separate, repaged, pp. 6. 

1882. Address at the Funeral of Prof. James Craig Watson, Ph.D., 

LL.D. MnHorial Aihlrenstm^ pp. 21-26. 

1HH2. I'nlversity of Michigan. A Memorial Discourse on the Life and 
Services of Rev. Erastus Otis Haven, D. D., LL.D., Professor in 
the I'nlversity from 1853 to 1856, and President of the I'niver- 
Axy from 1868 to 1869, and late Bishop of the Methodist Episco- 
pal Church in the United States. Delivered in Unlver Ity Hall, 
by request of the Senate, Nov. 6, 1881. Published by the Uni- 
versity, 1882. 8 pp. .57. Pamphlet. 

1M82. Ancient M\th and Modem Fact. Th Dial. Chicago, ii, April, 
1XH2. pp. 284-286. [Review of ** Atlantis": The Antediluvian 
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World, by Ignatius Donnelly. Illustrated. New York: Harper 
& Broth -rs.j 

1552. Prof. Adam's "Manual of Historical Literature." Thr Dial, u, 

April, 1882. pp. 290-291. 

1882. The Speculative Consequences of Evolution. A Lecture hefore 

the Summer School of Christian Philosophy, at Greenwood 
Lake, July is, ISSl. Chrislian PhihtHophy QtnirUrly, April, 1S82, 
pp. 1-30. 
1.SM2. Report on the Use of Microscopes in the University. Profrtdutu* 
lioartl of Rcgnits, June, 1882, pp. 201-212. 

1883. A Scientistic Romance. Review of DonnoUj^'s Ragnarok. Thr 

DiiiU ChicAujo, January, 18H3. pp, 207-209. 
1883. The Experiment of Universal Suffrage. North Amtr. Ueriew, Feb. 

1883, pp. — . 
18'^3. Incipient Communism in the United States. North Amer. Iftrinr^ 

March, 1883, pp. — . 

1853. The use of the Microscope in Geology. !%• 3ftrroi*rftpt'. Feb.,lHs:{. 

1553. Forms of the Theistic Argument. 8 vo. 8 pp. Pamphlet. Jan., 1hh:i 
lHS:j. Commemorative Address on the late Prof. H. F. Cocker, I). I). 

Delivered in accordance with a resolution of the Univer^itv 

Senate, in University Hall, June 24, 1883. 8vo. 35 pp. Published 

by the University. 
18S;3. Critique of M. Joly's, "Man before the Metals." Thr i)/V^/,Chi('ago, 

July, 1883. 
1S83. World- Life or Comparative Geology, 12 mo. i>p. \.\iv, and 642, 

with 59 illustrations. S. C. (Griggs tV Co., Chicago, 2 Nov. 
ixs;{. The Perils of the Arctic. Review of the Voyage of tlie Jennette. 
Hu Dial. Chicago, Nov., 1883. 

1883. Secular increase of the Earth's mass. N/vV/ic/, ii, 820-2L Dec. 28. 

1883, Chmiral Nucm, London, Mar., 1884. 
1KS4. Sunset (»low in a Clouded Sky. >V/V/i<r, iii, 4, Jan. 4, 1S84. 

1884. Limits of Tertiary in Alabama. Sci*nrt, iii, 32: Jan. 11, 1884. 

1854. S>'mposium: Is the Darwinism Theory of Evolution lieconcilable 

with the Blbler If so with what Linutations*::' ThtH^mtihtic 

Monthly, Mar. 1884, pp. 345-9. 
18H4. Homer and Schliemann, a Review of "Troja." Th Dial, Chicago, 

March, 1884, pp. 269-72. 
1884. Coordination of Mind with tlie Cosmos. A Review of the Duke 

of Argyll's "Unity of Nature." The Dial, Cliicago, May» 18H4. 
1SH4. (tcological Excursions, or the Rudiments of (ieologyfor Young 

Learners. 12 mo. pp. v. 2:J4, with 87 illustrations in the Text. 

Chicago, S. C. (Griggs & Co., 16 May, 1884. 
is^4. Thoughts on Science Teaching. Index, 12 July. Also a separate 

Pamphlet, 12 mo. 16 pp. 
1XS4. Our Remote Ancestry. Niath Amtriran /^r/V/r, Sept , 1884, pp. 

246 57. 
l'^H4. Darwinism. Arti«lH in J-Jnryrlojktlia Britonint, Amer. Reprint. 

Supplement, vol. ii. Oct. 18; 15,00() wonls. 



1884. [Johu80u*8 Natural History.] Uevisioos aiul Additions in 22 

articles. Total 45,000 words. 
1S95. America before Columbus. Review of Nadaillac The JHul, 
Chicago, Feb., 1885. 

1885. Evolution. Article in McCliutock and Strong's Cyclopedio^ :Mar., 

1885. 9,000 words. 
1885. Anthropomorphism. MHhodUt Iten'ni), New York,. July, 1885, pp. 

510-35. 
1885. Why should a Clergyman Acquaint Himself with Scienci'? 

llomiletir Monthly, Aug. 1885, pp. 100-111. 
1885. Provisional Analysis of Stromatoporoids. Pamphlet, 2 pp. 28 

Aug., 1885. 
1885. Meeting of the Amer. Assoc., at Ann Arbor. Amer. Jour, Sri. (in.) 

XXX, 322 24, Oct., 1885. 
1885. Notes on some of the Geological Papers Presented at the meeting 

of the Amer. Assc , at Ann Arbor. Amer. Jour. Sri. (in), xxx, 

315-17. 
1885. Scheme of Undergraduate Geological Study. Pamphlet, 4 pp. 

Oct., 1885. Published by the University. 
1885. Sources of Trend and Crustal Surplusage in Mountain Structure. 

Amer. Jour. Sri. (iii), xxx, 417-20. Dec, I8a5. 

1885. Ann Arbor water-works. A Christmas Inauguration. The Chnm- 

irk, Ann Arbor. Dec, 1885. 

1886. A walk under the Sea. Treonure Trore, New York. Feb., 1886. 
1886. Sources of Trend and Crustal Surplusage in Mountain Structure^ 

Proc. Am. Aioior. Adr. Sri., 1885, pp. 209-212. Feb. 11, 1886. 
1886. Modern Writings bearing on the Relation between Intelligence 

and Religion. Homihtie JferittDj Jan., 1886. 
1886. Science and the State. The Forum, March, 1886, pp. 1-14. 
1886. Glacier Pressure in a new IJght. The Artjonaut, Ann Arbor, 13 

March, 1886. 
1886. Glacier Pressure and Northern Submergence. The Argonaut. 10 

April, 1886. 
1886. Geological Studies, or Elements of Geology. For High Schools, 

Colleges, Normal and other schools. 

Part I. Geology inductively presented. 

Part II. Geology treated systematically, with 367 illu trations 

in the text. 12 mo. pp. xxv and 518. Chicago, S. C. Griggs & 

Co. 1 July, 1886. 

1886. Walks and Talks in the Geological Field. 12 mo. 329 pp. New 

York, Vh<iutauqwi Prenx, C. L. S. C. Department. 805 Broadway. 
1 July, 1886. 

1887. Report of Geological Observations made in Northeastern Minne- 

sota, duri ng the s^^ason of 1886: accompanied by a geological map 
and 57 structural illustrations. Published in the Fifteenth lir- 
jmrf of the MiimrMofn Orohgiritl Surrey. Aug., 1887. 
1887. Ignatius Donnelly's Comet. PublisI.eil in 77</ Forum. Sept., 
1887, vol. iv. 
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1887. Recent Scientific Discoveries of Special Interest to Clergymen. 

HvmiUiie Jierino. New York, Sept., 1887. 
1887. Geologjand the Bible. Published in "i%/ti and P' (aftenia-d 

''Siffjuil Lights'*). Detroit, 1887. 

1887. Man and Evolution. HomiUiic Review. Dec, 1887. 

1888. The Unconformities of the Animikie in Minnesota. Amerir^fH 

Geologist^ Jan., 1888. 

1888. (Teolo»j:y in the Educdtional Struggle for Existence. An editorial 
in the American (re**hgi9tf Jan., 18S8. 

1888. Circular letter (Jan., 1888) to the teachers in the secondary Schools 
of Michigan, inquiring as to the teaching of geology in those 
schools. 

1888. Some Effects of Pressure of a Continental Glacier. American 
(riologiit, 3Iarch, 1888. 

18H8. Geology In the Schools of 3Ilchigan. Second circular letter to 
the teachers of S.'coudnry Schools in the state. March, 18S8. 

\*ii>%. Speculative Consequences of Evolution. Univ. of Mich. l*hilo- 
8ophiMl Papers. Second series. 

1888. The Rights of Intelligence under Paid Service. Editorial in the 
Amerioin (itologint^ April, 1888. 

1888. The Taconic Question. Amerinm (iei^htginf^ June, 1888, vol. 1, 
pp. 347-363. 

1888. Geology as a Means of Culture. Anurimn UmJogigt. July and 
Aupist, 1888, pp. 44-51, and 100-114. 

1888. Circular • of] committee of Organization of the American Geo- 
logical Society. August, 1888, (with J. J. Stevenson^ Sept., 1888. 
With provisional constitution and by-laws. 

1H88. American (Geological Society. Second circular of the Organiz- 
ing Committee. Oct., 1888. 

1888. Geology and Culture. Read at the 26th Convention of the Uni- 
versity of the State of New York. Published by the Regents^. 
Nov., 1888. 

1888. American Geological Stx'iety. Three (!ircular8 of the Committee 
ol Organization. 

1S8S. Reviews of recent literature. Aim rima Geologist, Dec. 1888, p. 
428-43*.\ 

1H81>. Reviews of recent (reological Literature. American Gt**tlt»tji*t. 
.Ian , 1889, pp. 48-50, 51, 53-55, 57-5«. 

18XU. The (Geological Society of America. Editorial in the Ameriran 
Gtologist^ Jan , 1881). 

\'^\K Advantages of Scientitic Education. Methodittt /{triew, March, 
1889. 

1^SJ». Report of a Geological Survey in Minnesota during the Season of 
1H87; Embracing comparative observations on some other re- 
gions. Publirtied in the lf!fh Peport of the Minnesota Surrtjf, 
pp. i:i8 -50:5. 

18*<J». < Vmglomerates enclose<l in Giieissic Terranes. American Gfoio- 
*/ijtt, March, IMSJl, pp. 154-165. 
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1889. Rejoinder to [)r. Lawson. Editorial in the Amt^rir^tn fuologint, 

March, 1889. ' 
1889. Reviews of Recent Literature, .{mennih (rtdoyint^ March, 18H9, 

pp. 197, 198, 199. 
1889. Two Systems C m founded in the Huroniau. American Geolotjint^ 

March, 1889, pp. 212-214. 
1889. Conglomerates Enclosed in Gneissic Terranes. (Supplement.) 

Ameriran (ifologht, April, 1889. pp. 256-262. 
1889. Douglass Houghton [with portrait]. Auuriant Geologist^ Sei)t., 

1889, pp. 129-139. 
1889. Views on Prenebular Conditions. Aunrtran Gfolof/int, Oct., 

1889, pp. 196 205. 
1889. Constitution of the Geological Society of America (as finally 

adopted), Oct., 1889. Pamphlet. 
1889. The Scientific Estimate of Christianity. Monthly Bulletin, Ann 

Arbor, Nov., 1889, pp. 19-24. 
1889. Charles Whittlesey [with portrait]. Amfritan Gfologitt, Nov., 1889, 

pp. 257-268. 
1889. Reviews of Recent Literature. Anwrimn iieobHji»t, Nov., 1S89. 

pp. 303-:^08. 

1889. Interesting Norwegian Geology. Ameriran Grologint, Nov., 1MH9, 

pp. 314-320. 

1890. Some Results of Archiuan Studies. 7?///. Grol, Sor. Am., vol., 1, 

pp. 357-394, April. 1890. 
1890. Winter Meeting of the Geological Society of America. 'Amerirun 

GrologiHt, Feb., 1890, pp. 117-122. 
1890. Organization of the (Geological Society of America: Historical 

Sketch of the Organization. (Prepared In accordance with the re- 

(juest of the Council). Ihtl. Grol, Sor. Am., vol. 1, pp. 1-6, Feb., 1890. 
1890. The Geological l^osltlon of the Oglshke Conglomerate. Proc. 

Am. AsMr. A(tr. >>/., vol. xxxvlli. (Abstract.) 
1890. The Wesleyan Guild at the University of Michigan, June 6, 1890, 

pamphlet. 
1890. A list of 99 Kodak photographs taken in the summer of 1890, on 

the excursion with the Rockv Mountain Club. 
1890. Recent Views about Glaciers. Thr Fontm, Nov., 1890, pp. 306-315. 

1890. Recent Observations on some Canadian Rocks. Americ^m Gotlo- 

gut, Dec, 1890, pp. 360 370. 

1891. American Opinion on the Older Rocks. Published in the ISth 

Report of the Minnenota Gtohgieal S'trrei/, pp. 65-226. 
1891. A Last Word with the lluronian. Ihtl. Grol. So*-. Am., Vol. ii, pp. 
85-124, Feb. 5, 1891. 

(NoTK. Several minor papers and r»*port» known to huv»* l>een pr*»pare<l by liiui in 
18H0 and 1801, are not y«*t pnbliHhed, or at l«*ast have not l)een net^n in print. He had 
also recently donenom** work on a revision of the foHi»iN of th<» Martthnll group for the 
V. S. Geological Survey, being a continoation, with illuKtrationt*, of bin menioir>< of 
1871. There i« also, in manuscript, a work nearly complete<l, on Itifeiligencf ami R*-- 
lifjiOH^ and a large number of poems, e«i-ay»« and lerturen. The foregoing lift emijnicex 
nothing which was pablished in newspaperi*. | 
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IV. ins OTIIKR WORK — NATIRAL TIIKOUWJY, IMIILOSOIMI V. KDl- 
CATION, HIS POPrLAR LKCTIRKS, POKTRV. 

It would soem as if early in liis professional career Dr. Wiiichell 
laid down a scheme of philosophical i)ostnlates and their conse- 
quences, makin<; 158 in all, and that all his subseiiuent writings 
and study were directed to the amplification and enforcement of 
this series. All the fundamental ideas of his later works and 
the ratiocination of his maturer years, whether published or iin- 
publislied, may be found in jjerminal condition in this early 
scheme. These logical steps were publisheii in 18G(), in the 
Mivltiqtiu Jtnnmil of Edurafiun: 'The cycles of matter; or the 
permanence of the earth and the destiny of the race." In the 
pursuit of this great theme he expand(Ml the realm of giH>logy 
over the entire historv of the earth and its inhabitants, ami over 
its associated worlds. When the inductive method failed him for 
lack of facts of ob.servation he called to his aid imagination 
guided by logical relations. When he encountered man and ani- 
mate nature, :is parts of this cosmos, he sought to adjust them 
to each other ami to their origin and (h»stiny in the light of what 
knowledge he had, and wlu»n the light was faint he strove to in- 
crease it by reasonable speculation. Among his first writings of 
this kind was a series of articles on "Christian Theology illus- 
trate<l from Nature."' published in the XorthircKtem Christinn 
Atlcmntf, at Chicago. He was sensible that in these articles, 
which a<lded much to the Butlerian method of "Analogy," there 
was still lacking an essiMitial link, in that the validit}' of the cos- 
mological argument was a.ssumed rather than pn>ven; he then en- 
gaged on an undertaking which he prosecuted with such diligence 
as his other duties would permit, till the last year of his life — an 
attempt to establish the validity of the '-argument from design, ' 
n»sultiug in a work that he entitleil ''Intellect and Religion." to 
\vhi<*h he frcNiuentlv refei*s as his '-belated work." his work ''many 
times lu'gun. It went through varied evolution in form ot 

argument and in its general title, having been l)egun as *'The. 
<ie<dogi(' Ages, revivcMl as -A system of Natural ThiH.)logy'* 
:uui left with the alwjve title. The work remains unpublisl)e<l. 

The burden of his educational labor lav in the direction of a 
wideniuii of tlh- avenues of natural science, and its iutnHluction 
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into siM*<»iHlary schools. He insisted that the young student is 
more observing than reriective or analytic; that the education of 
the mind should be by an appeal to its most accessiV)le and most 
jxjwerful impulses, and that the influence of science on the human 
raiiKl. especially in its formative stage, is more healthful to a 
normal growth, and more conducive to moral rectitude and more 
stimulatinjr toward a riijht ambition than anv other field of 
knowledge. He considered it a great mistake to fill the mind of 
the student with the (piirks of an extinct .syntax, and to "edu- 
cate" him by familiarizing him with the questionable doings of 
the mythical gods and goddesses of the ancients. He believed 
that there is as much mental and ethical culture to be derived 
fn^m the study of natural science, when pureued with eijual 
thoroughness and exactness, as from the study of Greek or Latin 
literature or of matheuuUics. 

His irreatest achievements in education, however, were won in 
his own class-room. He was a living example of what he urged 
uj)on his pupils. In his lectures he was aglow with enthusiasm, 
but it was an enthusiasm that was deep-seated, and a glow that was 
steady and strong rather than hot and flashy. No earnest student 
could carry forward the course of study allotted to his depart- 
ment without receiving a conviction of the vastness as well as of 
the l)eneticent role of giH^)logy in hunum knowledge, and a pro- 
foun<l sense of the grandeur of the thoughts which it inspires. 
He lalx)red diligently and long in the University of Michigan, 
and he erected a durable monument in the hearts of his students, 
manv of whom have testified reverent Iv to the high ideals which 
his teaching inspired. 

Along with his cla.ss-room work he conducted systematically 
some lalx)ratory investigations, and in these, whether in paleon- 
tology or in lithology, he always had the presence and the atten- 
tive interest of some more advanced students. Owing, however, 
to iiither advei*se surroundings he was never able to ecpiip a lal)0- 
nitory that was commensurate with the needs of his department, 
nor in harmony with his ideas of the imiK)rtance of gt^ology in 
the college curriculum. 

His largest etlucational field, however, was the public platform. 
Here he was under no constraint bv reason of vouthful auditoi-s. 
No limits were set to his rhapsodic scientific elo<iuence. No 
courteous regard for the amenities of possible professorial eti- 
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qiiette hampered the free flow of his criticism, or tlie exultant 
prophesy of the betterments of the future. All the fields of all 
knowledge were oi>en before him. He could cull from them what 
suited his theme or his purpose. His soul rose within him as it 
expanded to embrace and express the grandeur of his thought, 
or to enforce the steps of his argument. His style was deliberate, 
logical or argumentative, full of comparison and illustration, sel- 
dom impassioned, graceful in delivery, rhetorical, onitorical. He 
was not a (^uick, impromptu speaker. His lectures had all l>een 
thought out, as to general trend, beforehand, but the particular 
phraseolog3% and the adapted illustration were the product of the 
moment. His success as a public lecturer was due to the com- 
pleteness of his knowledge of his themes, the freshness and 
originality of his conceptions and the graceful rhetoric with 
which he spoke. 

He was also a poet, ''very much of a poet," as stated by Prof. 
Harrington.* There is a tinge of poetic sentiment apparent in 
much of his scientific wnting. Poetic comparisons, allusions, 
(quotations, either directly metric or in prosaic form, are scattered 
through the more staid discourse, in such a manner that their 
author is revealed as one having a lively poetic sense and a com- 
mand of the best expression. Had he chosen to clothe his scien- 
tific outreachings into undemonstrated science in measure, he would 
have given to the Knglish language much of the high cosmieal 
poetry which Gcethe gave to the (lermiui. Most of his metric 
comi>ositions, however, were confined to topics of pei^sonal and 
domestic nature, and ^me of them are particularly apt and 
touching. The following is from his poem delivere<l 15 July, 1872. 
on the twentv-fifth anniversarv of his class, at Middletown. Ct. 

Oh, there is a life, within our life concealed- - 
The scene of eoDfiicts to no eve revealed - 
A shoreless depth, heaved in a starless nijc:ht~ 
Its billows swelling in resistless might 
And in the compass of its throes we nee 
The conscious proofs of immortality. 

Nothing could exceed the beauty of his short jKH^ni "To my 
dear ones in Heaven, ' (juoted by Pn)f. Harrington. 

In short, by his intinuite knowledge of the higher relations of 
NciiMice to the good of man. and his sympathy with his no4>ler 
♦I'nivprsity memorial address, p. 24. 



a»piratioiiH, Dr. Winchell's life and work stand to the young geolo- 
gist as a monument to the altruistic and humane side of science, 
a field too often forgotten by investigators in the pursuit of ab- 
stract knowledge. His life and all his struggles were for the ele- 
vation of his profession, and the extension of its acceptance by 
humanity, upon whose support its progress depends. 



V. roNCLi'sroN. ■ 

By the death of the senior member of the editorial In^aixi of 
the AMERir.\N Geolcmhst, the science for whose furtherance the 
magazine was instituted and has been maintained, lost one of its 
most earnest and successful students and teachers. Alexander 
Winchell was well known on lx)th hemispheres as a philosophical 
geologist of no mean rank, a member of that company — always 
small in comparison with the main body — who do not limit their 
energies to one narrow field, but delight to range over the whole 
of their favorite science. No student now-a-davs can be an -^Ad- 
mirable Crichton,'" master of the whole of human learning. In 
early times such marvels were possible. Nature was nearly un- 
known, and the earni*st worker, favored with leisure, money and 
brains, could traverse the entire field and gather the crop which 
others had raised. 

But with the rapid outward advance of the lx)undar3' line of the 
known and the corresiX)ndingly rapid increase in the numl)er of 
the laborers, the task of even hastily running over so vast an area 
l>ecame too great for all save the few colossal intellects that the 
human race occasionally brought forth, and who tower alK)ve the 
heads of their fellows as intellectual giants. Kven these few 
grow fewer with the passing years, and ere long it will tax or 
transcend the highest powers of nature to prmluce such prodigies 
— not that nature is failing, but that life is too short and faculty 
too weak to recollect or .systematize the mighty mass of detail. 
Hence the rapidly incivasing specialization of the present day. 

The limitations of i)ower, time and means imi>osed on most 
students cK)nfine their lal)or within narrow areas, that can Ik* kept 
well within their mental purview. By the multitude of such 
workers is the careful cultivaticm of the whole field secure<1. 
Hence the great and increasing value of the few gifteii by nature 
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with tli<' larger or more {Kin'erful brains who if aiiletl bv time iukI 
inform, or Hoinetiuie^ without them, can tidce a wider range ami 
entering/ into the laliors of other men, can gather their results ainl 
^'Oinbine them int4> one harmonious whole. 

Th****!* two onlern of mind are totally different. The former L» 
iMiMjU*rcf<l with details. The latter is often accnsed. but wrongly. 
of dt^Hpining them. So far i.»> this from the truth that such minds 
an* nsnaliy the most |ierf<»et musters of details. S> perfect is 
this mastery tliat they never lose their way among them. As one 
traveling by comiMiss may MH»m careless of local waymarks while 
following th<' higher guide, so minds of this order api>earto go 
straight to their d(*sired end as though led by a suj>ernatunil faculty 
that is ])erliaps incomprehensilile by their fellows. 

Without claiming for .\lexander Winchell the highest position 
among these Udders of thought we think that every fair-judging 
scientist will at once allow that he deserves and will hold one of 
no mean rank. Himself a working geologist in the field, he was 
well nccjuainled with g(H>logical methods — a teaching geologist in 
the university, he was skilful in imparting his own knowledge, 
uud in training others to habits of obsenation and investigation — 
a sp«'culative g(»ologist in the study, he bohlly followed out the 
logical deductions from his premises to their uttermost attainable 
limits. 

To those who knew him personally all this is perfectly familiar. 
Those who knew him only through his writings must Ik* almost 
(Hpially conscious of it. Few who have attended his lectures in 
till' class-room or c»lscwhere can fail to testify that he |)ossesse<l 
the rare and valuable ability of rousing interest and not unfre- 
quently enthusiasm in his students. None can read his World 
Lift without realizing that seientific imagination of a high order 
impelled the pen that wrote under the control of the strictest logic. 

Mr. Hopkins, one of the few nuithematical geologists of the 
tb*st half of the prestMit century, used to complain that mathema- 
ticians di<l not n'ad his geological papers, and that gts>logists did 
not reatl his mathematical ones. The complaint was well founded, 
and if ni)w made bv another of the same school would Ik» but 
slightly less true. Few geologists are competent for the latter 
task, and few mathematieians for the former. Various causes. 
many of them inevitable an<l natural, are responsible for this re- 
sult. Hut the renuirk <»f RoU'rt .Mallett is not an exaggeration of 
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the trntli tliat '*to make soiiiul progress all who profess to 1k» 
geologists must first become mathematicians, physicists and chem- 
ists. *' 

In this respect Alexander Winchell was an exception to the 
rule. Without claiming rank as an eminent mathematician, a 
•standing which few working geologists can ever attain, he fully 
44ppreciated the immense advantages which his favorite science 
juight obtain fn)m the lab<irs of her sister, and not a little of the 
fascination that attracted and held his hearers mav have been due 
to this willingness and ability to follow the mathematician in his 
reasonings, and even in his speculations on the past and the future 
of the earth. 

Among the works that came from the pen of our lamented col- 
league no one in our opinion will take and hohl a higher place 
than '-'World Life. " In making this remark we do not intend 
to imply any comparison to the disadvantage of his other writings. 
These are and will long be of immense value, especially in awak- 
•<»ning an interest in the study of giK)logy among those who have 
not previously directed any attention thereto. But others have 
written, and written well in the same wav, and with the same re- 
Hult. We are not however aware of anv svstematic work in the 
English language that covers the field chosen by Alexamler Win- 
<*hell in his ''World Life. ' Largely drawn, as he himself is the 
first to acknowledge, fn>m the writings of others too numerous to 
name, the <hita an<l the deductions are here thrown into a con- 
in»ct(»d whole, so far as is yet jxjssible. and with these scattered 
fragments of material the author has succee<led in laying the 
foundations of a new science — one in which the geologist no longer 
limits his attention to the earth, his home, but grasping as a cen- 
tral and cardinal principle the consanguinity of the universe, rises 
from terrestrial details to cosmical generalizations, and enlisting 
In his service the astronomer, the chemist, the physicist and the 
mathematician, deduces from their data the conclusions to which, 
given time and the continuance of natures present order, they 
must inevitablv lead. For these reasons we regard the work as 
the authors master-piece, and in spite of all its <iefects and erroi*s 
which the future must supply or correct, we look on it as a monu- 
ment which will long testify to the high mental (pialities and wide 
intellectual grasp of the man and the geologist. 
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To the publication of '- World Life" may be ascribed the intro- 
duction to the reading world of the new science of comparative 
geology or planetology. The domain which Alexander Winchell 
then entered liad never In^fore been trodden by human foot, save 
where here and tlien* one and another had stepped across its line 
and had left his few footprints on the surface of the untraveled 
wilderness. Carefully mapping all these scattered and divergent 
tracks, he delimited the known, and starting from this base, he 
carried as by an initial triangulation, his original and independent in- 
vestigations into the unknown Ixn'ond. Or, changing the figure, 
the known laws of physics furnished a sure and safe basis of 
rejisoning, and combined with the observations of the astrono- 
mer, enal»led him to venture otf the firm ground of i^ense into 
that region of speculation — not of fancy — that wiis 

Neither sea, nor good dry laud, a dark 

Illimitable oce»»n, without boiind. 

Without (limensioii. where length, hreudth and hiijht. 

And time an<! place are lost: 

The realm of Chaos and Old Night. 

In this chaotic region he has laid the foundations of a new em- 
pire — a new science — a science that shall one day read to us the 
history of the planets aiul the stars — the science of astro -geology, 
as he himself has happily termed it. 

The conceptions which -World Life' brings before the ivader 
are such as beggar the loftiest and wildest fictions of eastern or 
western fancv. and forciblv illustrate the beautiful words of 
l*layfair that • Reason can sometinu's go where imagination dan»H 
not follow." 

Dealing with masses immeasurable, with a^ons incalculable and 
with conditions of temperature, pressure, etc., totally incompre- 
hensible, he pictures l)efore his readers the iM'ginnings of IxMng. 
the universe in its birth, and depicts the evolution of the various 
spheres through their j)erio<lsof incandescent youth and ctwd ma- 
turity, to their ultimate extinction in cold and <larkness — a des- 
tiny inevitable to worlds thai move. Schiller sings, in his ••(tods 
of (inu'ce: 

Sure as the pendulum's dead heat. 
Mere shives to iiravity and heat. 

The theme was a couirenial one. and the author revelled amouir 
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the scenes which his \^n wiis ix)rtraying, indulging to the full that 
highest of all the faculties, a scientific imagination, whose exist- 
ence and activity were indicated by the dreamy, far-off look not 
infrecjuentl}' to be seen in his eyes. The feelings that the subject 
stirre<l within him may be seen in the following passage: — 

•* The firmament is careering in infinite space. Our homes are 
rolled along at seven hundred miles an hour, and are transported 
sixtv-eight thousand miles in a dav bvthe revolution of the earth 
in her orbit. The sun with his entire family is sweeping through 
immensity with a iK>ssiblc velocity of two hundred thousand 
miles an hour. And there must Ik* some common motion of the 
whole inextricable maze of moving stars with a velocit}* to which 
fancy may tissign what rate she pletises without restraint from 
.scieh<'e. This mighty waltz of cosmic dancers is joined by the 
jiauzv nebula*, animated as our own firmament bv their own inter- 
mil motions. In the midst of this universe of seething move- 
ments is our apiK>intcd home. The mind uplifted in the etfort to 
contemplate them and grasp their method grows giddy and imiH>- 
tent. How sublime these activities. To what a numerous and 
lofty companionship does our little planet lielong. Hard it seems 
ti) l>e impris<med here while the realm of a universe tempts us to 
its exploration. How can human souls content themselves to 
roll and whirl through space during their mortal days and eat and 
slec»p and trifle, like rats in a ship at sea. without wondering 
where we are and whither we are lK>und. "* 

U will scarcely surprise any one to learn that a man so much 
in advance of his time, whose conceptions of nature were so far 
ahead of those that then prevailed and to a less degree prt>vail 
still, should iKKMmie the victim of suspicion and persecution. 
This ^'deadl}' original sin of the Reformed Churches, ' as Hallam 
has termed it, has not .yet l»een refornuMl out of existence. It 
lingers still, and sometimes manifests in one way or another all 
its old strength and bitterness, as many of the leaders of science 
can from their own experience testify. Those who venture to 
doubt what the majority In^lieve. or to believe what the majority 
doubt, must prepare thtmselves to stand almost alone — the |)osi- 
tion of the advanced guard everywhere and always. They must 
find what comfort they can in the thought that in the long run the 
majority are usually wrong, and that the right is always at first 

♦Slightly condensed from "World life." 
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witb'the minority. Tnie that human life is often too short to 
take in the long run, but in the present ease we rejoiee to know 
that our brother ge<^logist lived to see mueh of his work accepttMi. 
and to realize that the unthinking many are eoming on rai>i<lly to 
acknowlcMlge the rightness, or at all events the rights of the far- 
s4»eiiig few. 

We nee<l not repeat here the details. Sueh animf>sitie> are Inci- 
ter burie<l in the limlio f>f ol)livion as soon as possible, but all 
who have followe<l or are familiar with the life of Alexander 
Winehell. will recall. V)V the references already given to his per- 
sonal lifc\ the events to which we refer. We conclude with a re- 
newe<l expression of our regret that by his death American geol- 
ogy has lost one of her foremost students and exponents, and 
that philosophical geology, the world over, has lost one of the 
few who combine the various faculties and attainments rcHpiisite 
for the successful prosecution of this exalte<l study. 
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JOHN FRANCIS WILLIAMS.* 

H> J. F. Kemp, ('olniiibia C'<*Ilt':;«*. Nfu York. 

The iiiinie of Dr. John Francis Williams will always 1k» asso- 
ciated in American o:iH>lo<ry witli those of Newton. lrvin<j and 
Lewis. His life, like their lives, was one of brilliant achieve- 
ment, of jrreat future promise an<l of sad untimely termination. 
Although his accomplishe<l results were great, yet coming as they 
did, early in life, his friends coidd hut regard them as indicative 
of the future, and there is thus togetluM* with grief for his loss. 
the regret that so many possibilities are nullified. 

J>r. Williams was born October 25. 1S(;2, at Salem, the count v 
seat of Washinjiton Co., N. V.. situated about fortv miles north- 
east of Trov. He was the only son of John Martin and Frances 
A. (Shriver) William.s, who with his one sister survive him. His 
IhivIkmkI was passe<l at the beautiful family home, until at twelve 
years lie was place<l in St. l*aul s School. ('onc(»rd. N. H. J^eav- 
ing this in ISSO he entere<l the Kensselaer l*<»lytechnic Institute 
at Troy. He completed the studies of the course in Civil Kngi- 
neering, and gradiuited in 1SS:». with \\w degree of ('. K. I^ike 
many geologists he began thus his .scientitic work in the engineer- 
ing scluM)l, but /ound his tastes inclining irresislilily to pure as 
contrastinl with applied science. Ouring August. iss:», he was 
assistant enjrineer for the Albanv. Uutland and (Jranvillc K. W.. 



♦This memorial was orijjjiimlly prej^ared tor the Gkolcxhst, but at tin* 
request of the seeretury of tin* (ieolu^^iral Society of America, it was 
read at the (^ilumhus mcctini:, December 'Ji>, 1><01. 
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but in the fall following lie became assistant in chemistrj* ami 
natural science at his alma mater. He was brought especially 
under the influence of his teacher and warm personal friend. 
Prof. Henry B. Nason, whose influence was largely instrumental 
in shaping his subsequent career. During this period he made 
the tests of slates from the region about his home, whose pub- 
lished results are subse^iuently cited. In 1885 the Polytechnic 
institute conferred on him the additional degree of B. S. 

During the summer of 1884, he trayeled in northern Kurope, 
visiting the North Cape and the mines of Sweden and Norway. 
In the autumn, acting on the advice of professor Nason he matri- 
culated at the university of GiUtingen, and became one in a long 
and honorable list of American scientific men who have receive^l 
their preparation at this famous seat of learning. While at 
(JiUtingen his work lay especially in mineralogy and petrography 
under the guidance of professor Carl Klein, now of Berlin, and 
in chemistry under professor Victor Meyer. 

\\\ the spring of 1885 he traveled through Italy and Sicily with 
l)rofessor Klein, and later was assigned the subject of his thesis 
in one of the extinct volcanoes of the former land. Through 
professor Klein, Dr. Williams came to know personally profc^Hsor 
Rosenbusch of Heidelberg, to whose kind advice he was after- 
wards indebted in his American work. During the Italian trip 
referred to abov(», professor Klein had been given some specimens 
of igneous rock from Monte Amiata, an extinct volcanic pile that 
rises near the classic lake Trasimenus and forms the highest {>eak 
in Tuscany. They proved of such interest that they were en- 
trusted to Dr. Williams, as suggestive for his thesis. With char- 
acteristic energy and thoroughness he proceeded to the region in 
1SS5, and accompanied by a Swiss helper and a local Italian 
guide, he sj)ent several weeks on the mountain, either camping or 
lodging in the little country inns. After his return to GOttingen 
he anticipated taking his doctorate in the summer of 188(>, but 
the sudden call of j)rofessor Klein to Berlin, necessitated holding 
the examinations in the spring. He received his degree magma 
<Mini laude. His thesis was afterward published in the Neues 
Jnhrhiiih, ami gaiiRMl great prai.se in America as well as abroad. 
Tin* paptT is aecninpanied by four {)artial and twent3'-two com- 
plete analyst's of rocks, and by an elaborate map and three pano- 
ramic views. Its special interest lies in this. Ittraces the differ- 
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ences ill rook types tliroiighout one great, single, eruptive mass, 
wliicli is shown in its central part to be a trachyte containing 
hypei'sthene and labradorite. Imt which passes toward the lK)nlcrs, 
at times into liparite. at times into andesite. 

IVofessor Klein desired Williams to go to Berlin, become his 
assistant, and continue his career in Germany. For a time in 
lS8r> the offer was accepted, bnt finally Dr. Williams returned to 
his home, and in 1 887 became director of the technical museum 
of the Pratt institute in Jirooklyn. The duties consisted in arrang- 
ing and caring for very excellent collections of minerals and rocks, 
but the desire for wider opportunities for scientific investigation 
led him in 1881) to become honorary fellow at Clark University, 
Worci*ster. While in this relation he received overture's from 
professor J. C. Branner, director of the gtH)logical survey of Ark- 
ansas to describe the igneous rocks of the state. Dr. Williams 
secure! leave of absence from Clark and entered on his Arkansas 
work as u volunteer, without salary, in October, 1880. In the 
summer of 18!)i) he was made honorary docent at Clark. This 
title, like his previous one, carried no salary with it. and merely 
affordetl him a work room and headcjuarters, which, however, were 
s(K)n transferred to Little Rock. Kvidently his relations ^ith the 
University were not regarded as anything very serious, for no 
mention of them apj)ears in his final reiK)rt. 

Dr. Williams found a wealth of interesting material in Ark- 
ansas, and as the result of his collecting he p»d)lished in 1890 
the papers on Manganopectolite and Kudialyte cited below. In 
the fall of 1890 he returned to Arkansivs and completed his work, 
n»maining, with one or two trips east, until the summer of 1891. 
He had meantime accumulated the materials for his final and 
greatest work, Volume II. of the Annual Report of the Geologi- 
cal survey for 1S90, and entitled the Igneous Rocks of Arkansas. 
The volume, which was distributed in December, contains 432 
pages. :»!n of whi<'h are by Dr. Williams alone. They give an 
accurate and exhaustive petrograj)hic description of the syenites, 
elaeolite-svenites. leucite-syenites. the variations of all three, and 
describes the brusic dikes which pierce them. Perhaps the great- 
est interest lies in the identification of leucite in these rocks, and 
in establishing Cretaceous leucite-syenites jiis a new variety, espec- 
ially as leucite has hitherto been considered to l>e limited to the 
later v<»lcanic rocks. The report is accompanied by beautifully 
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exocutocl topograpliic nuips and l)y nuiny illiistnitions. Much of 
its success was made i)ossil)lo Ijy the cordial support <^ivcMi Dr. 
Williams by professor Branner, but it bears on every page the 
marks of tireless and painstakintj scholarship. Professor Ih'anner 
Innirs witness in the preface to the enthusiasm and enerjjy with 
which Dr. Williams carried it throujjh, and the writer of this 
memorial, who was also associated in some minor portions of the 
work, can truthfully testify to the consuming interest wliicli ani- 
mated him. J)r. Williams had been appointed assistant geologist 
on the survey in IStH. and in this capacity his name appears in 
the report. In ISIH, in connection with Dr. K. X. Hnickett. he 
carried on investigations in certain minerals of the kaolin group, 
which aj)peared in the Amer. .Jour, of Science in July last. 

In June, 1 SIM. the jK)sition of assistant professor of geology 
and minerology became vacant at (N)rnell Tniversity. and Dr. 
Williams received the call. He accepted, and after making the 
western excursion of the (Geological Congress, attempted to take 
up his duties. Hut weakness and di.sea.se were already laying a 
heavy grasp on him. A severe attack of the so-called grip in 
March last had sapj)ed his strength, and ill-advised metlnxls of 
work \\'m\ aggravated its results. Dr. Williams worked well but 
not wi.sely. and protracted his labors till two and three in the 
morning — such habits are s}H»cially injurious in the climate of 
Arkansas — and at last reduced him to the shadow of himself. 
The tax upon him was too severe and his constitution finally gave 
way. Paralysis attacked him and after an illness of al>out two 
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weeks he j)assed away on the !Kh of November, being just 
twentv-nine years of age. 

It has never been the lot of the writer to know intimately a more 
giMierous. frank and l<»veable man than .1. Francis Williams, and it 
is impossil)le to speak of him without feeling the deepest emotion. 
His character was such as to indescribably endear him to his 
frien<ls an<l his abilities and preparation for his work were of the 
hiiXhest ordiM'. His results w(»re such as to secure for him in 
all the future on«» of the most honorabh' places in the re<'ords of 
Anu'rcan g<*ological science. 

LIST C»K riUNTKU rAl'KIlS OK I)|{..I. KIIAN( IS W I I.I.IA.MS. 

Test-; of Hiitluiid and Washiiiirtou Co. Slatrs. \'(ni Xo;itnimrft Kn*/. 

.1/'/.'/., Nn. ( lAWVlII, ISSJ, pp. 101 KKJ. 

I 4*1kt <b*n Monti* Amiuta in Toscana nnd s«»ini' (o'Steiuc y't tc* 
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THE PRE-CRETACEOUS AGE OF THE METAMOR- 
PHIC ROCKS OF THE CALIFORNIA COAST 

RANGES. 

By Hakoi.ii \V. F.MKiiAXKM, l\. S., of San Dleiro, Cal. 

Wliile i'li^jiged upon tlie State (leolojrical Survey, during the 
past summer. I was called on to make an examination of Shasta 
and Trinity counties. At the ch)se of this work, the main range 
of the coast nu)untains was followed southward tlirough Teliama, 
Colusa, Jiake and Xaj)a counties, nearly to Martinez. 

The results ohtained, while of a most interesting nature, ditfer 
so radically from those of former investigators in tliis field, that 
though I am satisfied that tliey are, in tlie main, correct, yet T 
feel some ditiidence in j)roposing them on account of the op|)Osite 
views held hy so many well known jjeoloijists. 

If my views are correct it seems very remarkable that such 
serious mistakes should have heeu entertained with regard to tlu' 
Coast Range geology, not only hy the former state survey, but 
also In' most of the other students in this field up to the present 
time, and it is apparent that, from the earliest beginnings of 
geological work in this state, the relation l)etweeu the metamor- 
phosed and un metamorphosed rocks of the ranges near tlie coast, 
from San Diego to Del Norte counties, has l)een entirely misun- 
derst<M)d. 

Tin* views which 1 hohl. based almost entirely upon field study 
in tin* region in qut*stion. and which 1 can substantiate by actual 
oecurrences.'are tin* followinir: 

1. The iurjossibilitv, from a iihysical stan<lpoint, of drawiiiir 
the line bi»tween the Coast l{anges and the* Sit*rra Neva<la. 
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2. The metumorpliic rocks of the Coast Ranges are pre-Cre- 
taeeous. 

3. The (^oast llauges and Sierras are a unit as reganls time of 
tlie main upheaval and metamorphism. 

4. The upheaval and metamorphism of the Coast Ranges as well 
as Sierras is pre- Cretaceous, and consetiuently the slates of the 
gold belt cannot be considered Cretaceous. 

5. The presence of pre-Cretaceous eruptives in the metamor- 
phics of the Coast Ranges. 

(). The serpentine is an altered eruptive and Ijost-Neocomian 
(Knoxville). 

7. No great non-conformity exists between tlie Knoxville and 
Chico beds. 

The Coast Range system of mountains consists of a series of 
parallel ranges having an average width of seventy miles aiid a 
length of over four hundred. These extend pandlel to the Sierra 
Nevadas and are separated from them by the Sacramento and 
San Joaipiin valleys. At the opposite ends of these valleys 
the two systems of ranges unite, in Shasta county on the north 
and in Kern countv on the south. 

The Sierras consist in general terms, of a core of granite 
flanked, particularly on the west, l)V a great width of metamor- 
phic rocks, consisting of slate and crystalline schists. Granite 
occurs also through the Coast Ranges, but usualh' in small jireas, 
not arranged along one regular line of upheaval. The metamorpliic 
rocks of the Coast Ranges, though including a large amount of 
slate, mica, and hornblende schists, are ilistinguished particularly 
by a silicious character. Sandstone, jasper, green quartzose 
schist, and banded Hintv rocks are abundant, and are character- 
ized. over large areas, by a wavy structure in the thin l>edd€Hi 
varieties, and a secondary silicification in which the rock has lH*en 
filled with a network of minute (puirtz veins. 

Cnmetamorphosed strata of undoubted Cretaceous and Ter- 
tiary ages, occur on the flanks of the metamorphic rocks, l>ecom- 
ing particularly prominent through the mi<ldle (\)tust Ranges. 

It was my purpose to determine, if possible, from a lithological 
and stratigraphical standpoint, the relation of the metamorpliic 
rocks of Shasta county (the age of ii portion of which was 
known, and believed to represent the northern extension of the 
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Sierra Nevadas) to the niotamorphic rocks of the (^Oiust Ranges of 
uncertain a^e, but suspected to be older than Xeoeomian. 

To facilitate a thorough understanding of the subject it is 
necessary to (juote brietl}' from the published views of the earlier 
workers in C'alifornia geology, what has been understood by the 
term "Coast Ranges," and the difficulty in drawing a line be- 
tween these ranges and the Sierra Nevadas. Prof. Whitney says: 
**We consider all those chains or ranges of mountains to belong 
to the Coast Range, which have been uplifted since the dejx)sition 
of the Cretaceous formation; those, on the other hand, which 
were elevated before the epoch of the CretaciH)us are conceived as 
belonging to the Sierra Nevada."* Prof. Whitney's views in 
Auriferous Gravels, published a number of years after the termi- 
nation of the old Geological Survey, only make more emphatic his 
earlier declarations. He says: 'The most striking fact with re- 
gard to the Coast Ranges is, that this very extensive group of 
mountain chains is of comparatively very recent geological age. 
It is made up of Cretaceous and Tertiary strata with no rocks 
older than these showing themselves in any portion of the com- 
plicated series of elevations which are pix)perly included under 
the al)oye designation. '"t Again we find the following: '-North 
of parallel thirt3'-nine, as far as the Klamath river, there is much 
monotony in the structure of the Coast Ranges. The rocks are 
almo.st exclusively Cretaceous and often very much metamor- 

• ft 

phosed: jasper, serpentine, and even mica slate occurring in large 
quantities, and in the most irregular manner."! To show the 
impossibility of drawing the line between the Siernis and Coast 
Ranges on structural grounds, the following will answer: -The 
lower part of the Trinity and Klamath rivers seems to form the 
boundary' between the Coast Ranges proper and that portion of 
the coast mountains which appear to belong lithologically to the 
Sierras. * * To an observer on any one of these peaks (gran- 
ite mountains in western Shasta county), and commanding a wide 
view over the region, there seems to be no physical break l)etween 
the Coast Ranges an<l the Sierra. Scotts. the Klamath and 
Siskiyou ranges of mountains seem to represent the summit con- 
tinuation of the Sierra j)roper. and the Trinity mountains run into 
these from the south and from the Coast Ranges proper, without 

♦Geological Survey of C'al. Vol. I, p. Ui7. 
+Auriferou8 Gravels, p. 1<5. JAuriferoiis (iravols, p. 2:{. 



its l>eiii^ possible at any one point to say, here the Coant Ranges 
end and tlie Sierras l)ejj:in. ** 

Dr. (t. F. Beeker, of the U. S. (reolo^ieal Snrvey, follows 
l*rof. Whitney in ehissifvinif tlie metaniorphie rocks of the Coast 
Ranges as (^retaeeous. In his monograph on tlie Quicksilver 
I)v»posits an* many stit^monts to this etfect. The only exception 
he makes is thit of the (lavilan range. t In addition he does not 
k\o\\\ that older roeks may exist in other parts of the Coast 
Range, and have nmlergone a second metamorphism at the time of 
the npheaval of the Cretaceons. * Again he says, '-No fossils 
older than the Knoxville group are known to occur in the Coa.Ht 
Ranges, and no known fact suggests the existence of older rocks, 
except the character of the limestone and gneissoid rocks of the 
(Javilan range."? In the summary he says. ''At the close of the 
Xeocomian an uj)heaval look place with extraordinary violence, 
folding antl crushing the ro:*ks. antl producing the tirst ranges 
alonjj: the coast of California of which anv record remains. " 

As a result of his studv in the Lassen's Peak district, .1. »*^. 
Diller woidd place the dividing line between the (^oast Rangt»s 
and Sierras in a depression of the Auriferous series, between Pitt 
river and the North Fork of Feather river. || 

>Iany other geologists of prominence have undertaken investi- 
gations in the Coast Uanges. but there seems to have been no pro- 
test matle against the generally accepted classification of the 

metamorphic rocks. 

No attempts to get at the true jiosition of these rocks fn>in 

their slraligraphical relation seems to have been made, though 

the merging of the Coast R.uiges into the Sierras at both emls 

gives the bi'st op})ortunity for such an investigation. 

No fossils have been found in rocks which I recognize as be- 

longing to the metamorphic series. An ln<»ceramus found in the 

sandstones on .Mcatraz island was clainuMl bv Pr<»f. Whitney as 

ejMtuin proof of the Cretaceous age of the metamorphic n>cks 

f<»rmiug the San Fr.iiu'isco piMiinsula, on account of lithological 

similarity. This I considiT no proof :is 1 have seen the pre- 

("retjiri'ous nnks ju s.'vcral lo:'alilies exhibiting so little met^i- 

Aurifi'nuis (;rd\«'l>. p. -M. 
TjH.oIoixy ol i1h' (Quicksilver l)«'po^it.H, p. ISl. 
*<ip()l<)i:y <>r tin' (^iiicksihor Deposits, j). 1S7. 
j^<;«M>lnixy nf tlie l^uieksilver Deposits, p. 1^<5. 
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luorpliisin. that, aside from tlioir stratigrapliical relation it would 
be almost impossible to separate them from the Oetaceoiis. 

A series of statements which may seem to carry weight are 
summed up by Dr. Becker.* These are based on the occurrence 
of the fossil Aucella which at present seems to l»e considered 
intbcativc of the lower Cretaceous. It is distributed (piite gen- 
t»rally through the shale and calcareous strata which are seldom 
metamorphosed to any degree. The occurrences mentioned by 
Mr. Hecker as observed by himself and his assistants, and also 
by Mr. (lobb, are, as far as my observation has gone, invariably 
contined to what 1 consider, from a stratigraphical standpoint 
alone, as belonging to the Cretaceous, to say nothing of the 
lithological characters of the two formations; characters which 
an* constant over great areas and wi<lelv di.stinct from each other, 
liesides this there is an abrupt transition from unaltered shale to 
the metamorphics. Prof. Whitney noticed this in many places 
On the theory of regional metamorphism, is it likely or even 
|M)ssible that such a sharply defined line could exist if l)oth were 
<'oncerne<l in the same upheaval and consecpu'ut metamorphism? 
It .seems to me that we can conu* to no other conclusion but that 
the Cretaceous age assigned to the metamorphic rocks of the 
Coast Ranges is merely assumed and not proved. The finding of 
Aucella in the unaltered shales near the metamorphics is no j)r(K)f 
of the (Vetaci»ous age of the latter. 

My work in Shasta county <level(»j)ed the fact that in a(hiition 
to the fossiliferous limestone of Carboniferous age first reporte<l 
bv Dr. Trask and those described latelv by .J. S. Diller, there are 
several others rich in fossils. The most interesting discovery, 
however, was that of the existence of fossils in three ditferenl 
localities in the Auriferous series and on both si<les of the lime- 
stoiu' areas. The.se occur in shitv rocks confornjable with the lime- 
stones and in part Carboniferous. No nonconformity In^tween 
any of the metamorphic rocks was ol)serve<l in the county, and I 
see no rea.son for doubting that the upheaval of all the meta- 
morphic rocks look place at the same time. At the time of this 
upheaval an extrusion of granite took jjlace along the line 1k' 
tween Trinity ami Shasta <'ounlies, formin<r the Trinity mountains. 
That this granite is more recent than the Auriferous series is 
pn»yed conclusively not only l)y the nu'tamorphism in<lu<*ed in the 

'*^Biill. U. S. Geoloirical Survoy. No. \i\, p. \), 



15S TJt^ American Geologiiff, Miirch, i^^w 

adjoining slates, but also by tlie complex series of granitic iK>r- 
l)hyry dikes extending into them often for several miles. 

In the southwestern part of Shasta county at Horsetown and oii 
the Cottonwood creek occur the most northerly outcrops of the- 
Horsetown beds, the upper division of the Shasta group. The 
lower division of this group, the Knox vi lie, or Neocomian, is- 
that which has been confounded with the metamorphics. The 
Horsetown beds are totally unaltered and but slightly disturbed, 
dipping eastward from 15° -85°. They rest unconformably o\% 
granite and the nietamorphic rocks. 

The granite mass of the Trinity mountains terminates abruptly 
on the south, being cut off l>y a l)ody of massive ser|>entine 
which forms the summit of Bully Choop: one of the highest 
peaks of the Coast Range. Directly south of the seriH»ntine. 
along the (;rest of the range, we encounter green talcose an<l 
chloritic schists in which the siliciflcation, characteristic of the 
Coast Range metamorphics, is well developed. The schists are 
.somewhat crumpled with the appearance of minute veins and 
bunches of (luailz which follow the cleavage planes in an irregu- 
lar manner. These rocks are penetrated for several miles br 
jjorphyritic dikes, evidently offshoots of the granite on the 
north. This is positive pr(x>f that their period of upheaval 
(bites back to the extrusion of the granite. These schists 
extend southwest along the summit into Tehama count}'. 
To the west and north in Trinity county there is a repetition of 
rocks somewhat similar but more quartzose. On the eastemr 
slope are argillaceous schists, (juartzites, and small arc^s of 
limestone, overlaid in places to a hight of twenty-five hundred 
feet by shales, sandstones, and conglomerates of the Hoi-setown* 
jK»riod. 

As the range is foHowe<l south along the western lK>rder of 
Tehama county it is f<>un<l to maintain an elevation of over five 
thousan<l feet. whiU' silification becomes more and more a char- 
acteristic of the nietaniorphism. Red jasper, a remarkably wide 
sprea<l rock in the Coast Ranges, was observed first in scmtheastem 
Trinity county. 

The unaltered shales and .sandstones of the Sha.sta group 1k*- 
<'onie very prominent in Tehama county, having a width of over 
twelve miles. They dip eastward at an angle of from 30° -45°. 
sometimes beconilnLC nearly vertical near their western lx)undary. 



Near tlie Cold Fork of the Cottonwood and about two miles from 
the metamorphics, the first specimen of Aueella was observed. 
The strata here dip nearh' vertical and are greatly bi*oken. The 
rocks against which they rest consist of (juartzites, crystalline 
limestone with ix)orly preserved fossils, thin cleavable shales 
highly metamorphosed, green talcose schists changing to contorted 
and silicified green schists on Tom's Head and westward to the 
North Yallo Bally where they are gnarled and knotted in the 
highest degree. 

On Elder creek the Aueella is found in abundance together 
with other lower Cretaceous species, but the contact with the 
metamorphic series is not to l)e observed on account of a great 
mass of serpentine. Mr. J. S. Diller, who has investigated this 
region carefully, has proved that both divisions of the Shasta 
group are represented on Elder creek ; the lower, the Knoxville, 
having a thickness of nineteen thousand nine hundred feet, while 
the upper or Horsetown is represented b}* six thousand one hun- 
dred feet of shale and sandstone. These two beds were demon- 
strated to Ix* continuous from top to lx)ttom without physical 
break.* This accoixis with the latest views of Dr. Becker, who 
found a commingling of the faunas of these two divisions at 
Riddles, Oregon. t Mr. Becker had previously announced tluit 
the great upheaval of the Coast Ranges took place at the close of 
the Knoxville. + The conformitv shown to exist l)etween the X3m> 
divisions of the Shasta group is in perfect accord with m}' own 
obser>'ations. A very important fact results from these conclu- 
sions; since the Horsetown and Knoxville beds are confonuable, 
and the upper, or Horsetown, rests unconformably on the meta- 
morphic series in Shasta county, a fact acknowledged by all ob- 
servers, then the lower or Knoxville, when present, must also 
rest unconformably on the metamorphic series, if it can lx» pi^oved 
that these metamorphics are continuous with those of Shasta 
count}'. After a most careful tnicing of the older rocks of 
Shasta county southward, I find it utterly impossible to draw a 
line of demarkation l>etween them and the metamorphics of either 
Tehama, Colusa, Lake or Xapa counties. There is no physical 
break. 
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The line of contact between the CreUiceous and the oUlor rocks 
has been particuhuly favorable for the intrusion of the pericliti- 
tic rock from which the serpentine has been derived, and this to- 
tjether with a general covering of the rocks with soil makes it 
hard to find good exposures. The best contact olmerved was on 
Elk creek in (^olusa countv: here the soft black shales rest di- 
rectly against the green silicified schists. A few hundred feet 
distant the shales have a <iip of 40° to the east; as the contact is 
approached thev dip more and more, finally becoming somewhat 
broken and reversed, while for several feet adjoining the schists 
thev are crushed to a clavev mass. The chansre to the vertical 
green schists is abrupt. Toward the crest of the mountain five 
miles awav thev become more silicified. Black slate and horn- 
blende schists are also to 1k» observed in places. The clay at the 
contact has been formed by an upward movement of the meta- 
morphic ridge, a condition noticed at several points farther south, 
and which, to a cert^iin degree obscures the non-conformity. 
This is undoubtedly the reason for the apparent conformity Ik*- 
tween the Aucella bearing strata and the metamorphics of Mount 
Diablo, mentioned by Mr. Hecker as a proof of the unity of the 
two formations.* 

Al>out the headwatei*s of Stony creek the Cretaceous is separ- 
ated from the metamorphics by large areas of serpentine, and 
ancient porphyritic rocks in part amygdaloidal. Snow Mt. 
consists of jasper, silicious schists and hard sandstones. Along 
the ridge southward between Lake and Colusa counties glanco- 
phane schists appear. Black slate becomes more abundant an<i 
is particularly well expo.sed on the North Fork of Cache creek, 
where it splits into large slabs when not too much crushed. 

The eastern l>oundary of the metamorphic rocks follows a di- 
re:tion a little east of south, passing about three miles east of 
Lower hike, through the western edge of \*i)\w valley, and then 
becomes covered with volcanic material so that it c^in be traced no 
farther. Two outlvinjj: areas are to be found to the east of this 
line. One forms a ridge near the head of Sulphur creek, Colusa 
ccmnty and consists of sandstone, schists and jasper, with dikes 
of old eruptives. From this ridge the aucella bearing strata dip 
in opposite directions. The other i> of much greater extent, 
foniiiiitr a hijzh raiiire we.st of Kevressa vallev. with a lenjrth of 



' Kroloixy of the (Quicksilver l)ep<).-its, p. 1S4. 



alM)nl twenty miles. Capei eivek cuts throutrli tlie southern end 
of tliis ridge, and though in phiee tlie nietaniorphism is not great, 
vet llie distinction from the Cretaceous is easily discernible. 
Cretaceous shales carrying Aucella outcrop on the west, hut are 
s4»parate(i h>' a dike of serpentine. On the east the shales rest 
directly against a Inxly of dioritic roi*k, similar in appearance to 
numerous dikes with which the metamorphic ridge is filled. 

On James creek, north of the -.Etna mines an exceedingly in- 
teresting section is ex|)osed. For two miles the creek has cut 
thn)Ugh slates, mica and hornhlende schists, and ancient intru- 
sive r<K*ks. At the mouth of the canon the hornblende schists 
are followed by a dike of serpentine three hundred feet wide. 
From this there is an abrupt change to the unaltered but upturned 
and broken shales of the Knoxville beds. In these shales a mile 
eastwanl on Po|)e creek Aucella is found. 

AlK)Ut three miles ea.st of Flower lake near the Knoxville road, 
massive sandstones considerably altert»d outcrop on the western 
bank of a little cret»k. The eastern bank alM)Ut twelve feet awav 
is formed of Aucella bearing; shales and calcan»ous strata entirelv 
unmetamorphosiMl and dipping ea.stward alwmt thirty degrees. 
I'nfortunately the actual contact is hidden by a slide of lM)uMers 
from alM)ve. 

These examples j(re sufficient to show that there (»xists in the 
Coa.st Ranges of California a series of rcK'ks for the most part 
greatly metamorphosed an<i separated from the lowest (Vetact»ous 
not onlv lithologicallv but also l»v a great non-conformitv. 

%. 1^ ft ft t^ ft 

No regional metamorphisni is anywhere ai)parent in the Cre- 
taceous rocks: whatever the nature of the disturbance to which 
they have btH»n subjected, it was not of a metamorphosing char- 
acter. In several instances, as at Sulphur creek and KnoxvilU*. 
an alteration has taken place. I>ut solely through thermal action. 

In placi»s the older rocks are so little altered as to be easily 
confoun<led with the Cretaceous, and close examination and fa- 
miliaritv with the n^gional characteristics are necessarv to dis- 

ft «^ » 

tin^uish them. The .Vucella is a wi<lelv distril»uted fossil through 
the Lower Cretaceous, and is it n<»t likely that it would have been 
found in some portion of the slightly altered metainorphics if 
thev reallv belong to the CrctaccouN? 

• ft *^ 

The exact age of the metamorphic ro<'ks as yet remains un- 
known. Thev are probjil>lv not oMcr than the Carbonifcn>us. and 

ft I 
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must liave been concerned in tlie upheaviil of rockn of that age 
in Shasta county. Portions of the metamorphic rocks of the 
<^oast Range bear the closest resembhiuce to those of the gold 
belt of the Sierras, which were considered by Pn)f. Whitne}' to 
be not younger than the Jurassic. Dr. Becker has affirmed that 
the gold bearing rocks of the Sierras are in part Neocomian on 
account of the presence of a species of Aucella indistinguishable 
from one found in the Coast Ranges.* He reaches the conehi- 
ftion that the Knoxville and Mariposa beds are of the same age,t 
including of course the metamorphic rocks of the Coast Range 
in the Knoxville. In speaking of the Coast Ranges jus meml)ers 
of the western Cordillera system he says, "The earliest determin- 
able [>ortion of the Coast Ranges must therefore be considered as 
due to the same disturbance which ailded the gold belt pn)per to 
the Sierra Nevada. "+ And again an important uplift of the 
Sierra Nevada was contemporaneous with the first known up- 
heaval of the Coast Ranges. § 

J^aying jiside the conclusion reached by Dr. Becker concerning 
the occurrence of the Aucella in the Sierra Nevada, I fully agret* 
with him in regard to the simultaneous upheaval of the two series 
of mnges, and that they belong to the same mountain syst<»m, and 
finally, that whatever can be proved to be true of the metamor- 
phics of the (\)ast Ranges, with reference to the ix)ints under 
di.scussion, must also Ije true of the rocks of which the Mari|K>sa 
beds form a part. 

(J ranted now a pre- Cretaceous age for the rocks of the Coast 
Ranges, and their upheaval as contemiK)raiKH>us with that of the 
MarijMjsa beds, we must, as a consequence i)ostulate a pre-Cre- 
taciMHis a^e for the MariiK>sa IkhIs. These l)eds art* an integral 
part of the Sierras and consist largely of black slate. I have 
traced them almost continuouslv for a distance of a hundred and 
twenty miles and found them enclosed in a great wiiUh of oth€»r 
metamorphic rocks. The upheaval of the whole was accom- 
panied by an extrusion of granite well illustrated a few mili*s 
southwest of Mariposa, where the black slates abut against the 

*(4eol. of the Quicksilver Deposits, p. 201. 
+Geol. of the Quicksilver Deposits, pp. 10.") li)s. 
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granite and have l>een metauiorphoseci b\' it.* Crystalline lime- 
stones probabl}' CarV)oniferous are found on l)oth sides of the 
Mari|>osa becis, and must have been eoncerned in the same up- 
heaval. Northward toward Pence's ranch no physical break has 
been <U»tectcd. At this plac(» are Carboniferous limestones and 
dilates in part of the same ao:e. Carboniferous limestone is also 
found in the eastern part of Shasta county interbedded with 
slates. From all the evidence at hand I believe it is impossible 
to separate the Marii>osa beds from the other metamorphic rocks 
•of the Sierras, anci consecpiently their period of upheaval, ad- 
mitted to be the same as the metamorphic rocks of the Coast 
Ranges, is coeval with that of the Carboniferous of Shasta 
oounty and other parts of the Sierras. 

With regard to the peculiar metamorphism of the Coast Ranges 
it was certainly pre-Cretaceous. The formation of a network of 
minute quartz veins, so wi(U^ spread, seems to be confined to the 
lianler rocks which were broken and crushed in the violent oro- 
graphic movements, while the more argillaceous rocks were rt»- 
duced. often to a davev mass impenetrable l)v the silicifviny: 
iigencies. 

The metamorphic series is also distinguished by the presence of 
much intrusive rock which, as far as my observation goes, does 
not appear in the Knoxville. These intrusions are so much de- 
composed that it is difficult to get at their real character. When 
the amygdaloidal structure is absent they closely resemble decom- 
I)08ed sandstone, (iood exposures of them appear north and 
west of Clear lake, in Pope valley, and Capel creek. In the 
Oeology of the Quicksilver l)ei)osits it is state(i that no pre-Ter- 
tiary eruptives are to be met with between Clear lake and New 
Idria. 

Serpentine is the most common pre-Tertiary eruptive in the 
Coast Ranges. That it is younger than those just clescribed is 
shown bv the fact that it cuts both the Knoxville and metamor- 
phic series. It was held by Prof. Whitney and his assistants to 
l>e an altered silicious or silico-argillaceous rock,t the magnesia 
having been introduced by some process of substitution. Dr. 
Becker follows in nearly the same line and endeavors to prove the 
origin of serpentine through metasomatic processes, either directly 

♦Tenth AnDual Report of tho State Mineralogist, p. :i(K 
tAuriferous Gravels, p. li>. 
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from saiulstono or throujj:li tin* intcriuoiUato stajre of a motamor- 
pliic* crvstalliiu* rock.* Contrary to the foregoing viewH J. S. 
Diller speaks of tlie serpentines of tlie Coast Ranjjes, as altere<l 
peridot ites.t That at least a part of tlie California serpentin€»s 
are altered eruptives seems also to he the opinion of H. W. 
Turner, t W. Lingren and (J. P. Merrill. 

The general similarity of the serpentines and their strati- 
graphical i)osition lead me to believe that they are all of the same 
gtM)logieal age. and. as a rule, have resnlttnl from the decay of 
a peridotitic rock. The eruption of the peridotite and its altera- 
tion to serpentine must have taken place prior to the deix>sit of 
the Wallala beds, for the latter, according to Dr. Becker, (X>ntaiii 
serpentine boulders. 

The serpentine bodies of the Coast Range are generally more 
irregular in outline than tho.se of the Sierras, owing to the gn»ater 
amount of crushing which the metamorphics of the former re- 
gion have undergone, but are always sharply defined and indis- 
tinguishable in appearance from those of the Sierras, the eruptive 
nature of which I think no one will deny. 

A slight degree of contact metamorphism is often sliown. 
This is well illustrated on the road from Leesville to Hartletts 
Springs where some t)re-Cretaceous argillites have been hanlene<l 
an<l made to assume a dark metallic appearance near the contact. 
()n(irindstone creek. Colusa county, the Knoxville shales have Vhhmi 
metamorphosed for a distance of a hundred feet, the Innlding ob- 
literated and a noticeable hardening induced. Numerous other 
instances of this were seen in Tehama and Colusa counties. In 
many ca.scs the effect produced by the serpentine has lH»eii ob- 
literattMl by the movements which have taken place ah>ng the 
contact. The presence of the serpentine in dik(»s and irregular 
bunches in the Knoxville shale^s. and the inclusions of the shale 
in the former are proofs (»f its intrusion subse<iuent to the de|M»si- 
tion of the Knoxville beds. 

|)r. Ueck«*r )»ases his str<»ngest arguments for the metamorphit* 
origin of serpentine on the Meld relations existing al>out Knox- 
ville. Napa <'<»nnty. The locality is on the eastern khV^k^ of on«- 
of the greatest serpentine an'as of the Coast Kanges. Along 

<;»'()I. n| tli«' (2ui(k>ilver I )«*|M>>it.«i, p. IvJI. 
■♦"Hull. <MM>1. Socifty «»1 America, Vol. II. p. ,?n;. 
Jllull. (icol. Sn.irty .)t Ain«Ticii. Vol. 11, p, :{I»n. 
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the crest of the ridge above Knoxville, innumerable bodies of 
metaraorphic rock are included in the serpentine, among these are 
«late, liornblendic, micaceous, and actinolite schists. These are 
arranged with their longest diameters parallel, and extend in the 
same direction as the mountain ridge, northwest and southeast. 
In addition there are lenticular l)odies of diabase, diorite and fine 
grained i)orphyritic rocks. These crystalline rocks, as a rule, 
have no downward continuation, and like the similarly shaped 
masses of meUimorphic rock were prol»ably broken off from deep- 
seated iK)rtions, and brought up with the erupting mass. They 
are surrounded bv a border one to two inches thick, of a mixture 
of ser|>entine with the original rock ; a condition resulting from 
a slight penetration by the magma. From all observations it ap- 
}H*ars that the serpentine has l>een capable of effecting only a 
comparatively slight degree of metamorphism on the adjacent or 
included fragments of sedimentary rock. In all this region no 
transition from the metamorphic rocks to serpentine was obsen'ed. 
Here, as in manv other places in the Coast Range, the serpentine 
is gn^atly cnished and often reduced to a shaly mass. This ap- 
parent stnitification is one reason j^iiich led the earlier observers 
to classify the rock as metamorphic. Discarding the idea of a 
se<limentary origin, to my mind, it is due not so much to move- 
ments in the rock produced In* the hydration as to ilynamical 
action, which has l)een so pronounced in the Coast Ranges as to 
re<luce argillaceous rocks to clay and sandstones to a crumbling 
mass, over stretches of considerable extent. 

No im}x>rtant non -conformity between the Shasta group and tlui 
Chico could be made out, though there is no doubt aliout the 
Chico resting unconformably on the metamorphic series. J. S. 
Diller says that on Elder creek, Tehama county, no physical break 
couhl Ije made out between the Knoxville and the Chico.* H. 
W. Turner figures and describes the Knoxville and Chico beds of 
Mt. Diablo as conformable, t Neither was an}* non -conformity 
between these beds found by Prof. Whitne}'. 

From the foregoing illustrations coupled with my own ol>serva- 
tions, T think we can safely say that no important non-conform- 
ity exists in the Cretaceous, and that it is utterl}* imiK)ssible that 
the great upheaval of the Coast Ranges could have Uiken place at 

*Bull. Geol. Society of America, Vol. II, p. 207. 
tBull. Geol. Society of America, Vol. 11, p. 400. 
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the close of the (riiult, or Shasta period, as Dr. Becker has lately 
affirmed.* A small unconformity undouhtedl}' exists, due in 
part to the eruption of the serpentine, and in part to an uplift 
accompanying it. The extrusion of such an immense lK>dy of 
igneous rock as that near Kno-wille, ranging from three to five miles 
in width, and twenty miles long, must have pushed back and 
tilted the Knoxville shales to a considerable extent. 

I see no other wav but to return to the views of Prof. Whit- 
ney with regard to the gold belt of the Sierras, that is. to a 
post-Jurassic upheaval. This upheaval accompanied by gninite 
and affecting the region of lM>th systems of mountain ranges 
simultaneously, gave rise at least to the Coast Range with its 
series of metamorphic rocks. 

Concerning the evidence of the fossil Aucella. since stanthinl 
authoriti€»s differ in regard to its exact time range, I see no rea.son 
why it might not have existed during the Jurassic in the Sierra 
region, and, since its geographic range is of great extent, have 
returned again to regions where favorable conditions existe<i, 
after the great upheaval which separated the metamorphic rookj* 
of lx)th the Sierras and Coast Ranges from the lowest Cretaceous. 



RELATIVE ABUNDANCE OF GOLD IN DIFFERENT 

GEOLOGICAL FORMATIONS. 

W. 1». Bi.AKK. ShullHburK, Wl^.. 

In the interesting notice of the •'rniversality of (iold ' by 
Dr. Everette in the November issue of the A.mericax (t Eoi.<MiLSTy 
})age \VM, he says: "Therefore gold may be sought for in every 
geological horizon, and has thus been found in more or less pay- 
ing <piantities from the very earliest rocks up to the recent allu- 
vial and drift formations.'' a .statement which may Ih» aeceple<i as 
correct, but he proceeds to state: — 

•However, in those veins of (piartz which are found in the 
Cambrian and liower Silurian .strata, gold in the metallic state in- 
termixed amongst the (juartz is found in far greater c(unmercial 
(pjantity than in any other of the preceding or sulwiMpient gt*o- 
logical horizons. Wherever gold has been found in very large 
quantity in either vein or placer form, it has been found to Ih*^ 

♦Bull. (teol. Soci«'ty of America, Vol. II, p. 20<J. 
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either in a Cambro-Silurian series of slaty rocks and (juartx or 
else has resulted from the immediate decomposition of those 
rocks." 

This liist generalized statement would have passed unchal- 
lengeil, anil would have been generally accepted in the days of 
J!?ir Roderick Murchison, who came to regard the occurrence of 
gold as evidence of Silurian rocks, and conversely, the discovery 
of Silurian rocks, as for example in Australia, as indicative of 
the occurrence of gold, but to-day, after the experience in Cali- 
fornia, the generalization is not justified by the facts. 

The age of the chief gold-bearing slates of the central gold 
region of California, where gold was mined in gn»ater (juantity 
than ever l)efore, was for a long time in doubt. The dogma of 
the Lower Palaeozoic age of most of the gold rocks of the world. 
predis|X)9ed ol^servers to regard the auriferous slates as Faheozoic. 
But aliout the year 18(»4, I had the good fortune to find Mesozoic 
fossils in the midst of these slates, and thus removed all doubt 
of their tnie horizon. These fossils were AnumntiteH in the slates 
of Placer county near Colfax; JMnnnihs and Juni.ssic bivalves 
in similar slates on the Mari|K)sa estate, Mariposa county, and 
contiguous to the great gold (piartz vein known as the Mother 
vein of California. Thus the Secondary age of the chief gold 
Ijearing slates of California was established. 

It is in this great licit of Jurasso-Triassic, and perhai>s in part 
Lower Cretaceous strata, lying enfolded in the western flanks of 
the great mountain mass of the Sierra Nevada, we find the strongest, 
richest, and the most productive gold (juartz mines and placer de- 
lK>sits of California. The Mother vein at (^araon hill, in Cala- 
veras county, has yiehied some of the heaviest masses of gold 
ever taken from veins. Further, one of the deepest gohl mines of 
the world is in the midst of the same great lH»lt of Mesozoic slates. 

The occurrence of gold in (^ilifornia is, however, not confined 
to any one geological horizon. It is found in close contiguity to 
limestone of Carlxmiferous age, as early shown by Dr. Trask, and 
no doubt in the older rocks of the Sierra Nevada Ivinir parallel 
with the chief auriferous deposits. Thus at Hite's cove, some 
miles west of the locality of the Jura-Trias fossils of Mariiwsa. 
there is an imp<jrtant gold-l>earing vein near a stratum of lime- 
stone in which I have found encrinal stems, and which is new 
doubt rp|>er Paheozoic. Hut these older strata in California have 
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fM*v«T yiel(h*fi gold s<j generally and in such profusion as the newer 
iH'dn further west of them. I would not, however, be under- 
Ht/H>d an ejaiming that the Mesozoie formations, even in Califor- 
nia, give a44 a rul« richer mines than anv other formation. So 
far ji>» the evidence goes, for that region, such a generalization 
might 1h' accepted, but we know far too little of the laws of the 
formation and distribution of the noble metals to make any rigid 
dinf- rimination in favor of one gcH>logical horizon over an}' other. 
SouH* of the most valuable gold mines do not occur in stratiform 
roi'kn. The celebrated veins of (Jrass valley, California, which 
have I wen worked continuouslv for over forty vears are in cr^'stal- 
line granitic rocks of uncertain age. The great Comstock lode in 
Nevada, which hjus added so many millions to the world's supply 
of gohl as well as silver, is in crj^stalline rocks which, however, 
an* probably altered Mesozorc beds. The gold of the Deep Creek 
ri'gion. I 'tall, as I have elsewhere shown, is in altered CarlK)nif- 
iTouK linu'stone, thus being in upper rather than lower Palaeozoic. 

The best example we have of gold in the oldest rocks is found 
in the Black Hills of South Dakota in pre-Silurian strata, probably 
iIm' «*<|uivalents of the Cambrian, Montalban, or still older sedi- 
UK'ntH. Hut here in these ancient strata, although the aggregate 
(piantity of gold is large, the quantity per ton of rock is not. 
To UM* the technical phrase it is *'low grade rock' as compared 
with the gold <|uartz rock of the California Mesozoie. 

The tlnancial success of any gold mining operation is not to l>e 
taken as an indication or measure of ([Uantity. Success or failure 
d<*pends largely upon location, the facilities for working and U|X>n 
intelligent common sense management. 

In conclusion it is well to note briefly the general absence of 
gold, HO far as yet known, in the ordinary red l>eds of the Trias 
of the Kocky mountains, and Appalachians, and from all forma- 
tions where the iron is in the condition of sesqui -oxide. 1 do not, 
of course, refer to, or include the oxidized outcrops of formations 
where at water level the normal condition of the containe<l iron is 
that of prot-oxide or of its sulphur compounds. This is the 
iiornnil state of the California Mesozoie. The auriferous fomia- 
lioiis there are generally bluish-green and black in color, the dif- 
fiiMMl iron is in the state of protoxide, or the sulphide, and the 
foiinnlions bear no rt»semblance to the Trias of the Rockv mount- 
niii region or of the Appalachians. 
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THE CRETACEOUS COVERING OF THE iTEXAS 

PALAEOZOIC* 

liALPH S. Taiir, Cambridge, Miihh. 

The (|nestioii as to whether the eentral Pulrt?ozoic and pre- 
Palieozoic region of Texan wius completely covered by the Cre- 
tiiceous, is still a mooted ([uestion. Prof. R. T. Hill has at 
various times stated that this was the case, giving numerous rea- 
sons for the statement; but Dr. T. \\. Comstock, who, by his de- 
tailed study of the central mineral region of Texas, is well cpiali- 
fied to speak xx^w the subject from other points of view, has 
come to the opjwsite conclusion. In the second annual report 
of the Texas geological survey he has again stated this conclu- 
sion, giving therefor numerous reasons of considerable value. 

A study of the region immediately north of this area has con- 
vinced me of the accuracy of Prof. Hills conclusion, and it is 
my purpose at this time to place the reasons for this conclusion 
on reconi. 

The beginning of the Carl)oniferous epoch found the central 
region of Texas a land area considerably denuded. This is 
proved V)y the bays and i)romontories now being uncovered bv the 
erosion of the overlying Carboniferous. It was probably a mount- 
ainous area, a part of a much more extt»nsive system now burieil 
beneath later deposits. More than 8,000 feet of Carljoniferous 
rocks were laid down and the sediments forming these rocks came 
in large measure from the central region or from its extension 
now burieil. This is proved by the conglomerate pebbles in the 
Carlx>niferous. In later Carboniferous times, during the deposi- 
tion of the Coleman beds, the (^irboniferous of earlier «late had 
been ad<led as a coastal strip to the older land. The general ab- 
sence of conglomerate and sandstone in these rocks is proof of 
this, and the presence of numerous shore lines in the Coleman 
beds points to the same conclusion. The extensive Permian rocks 
of central western Texas are in the main inland sea deposits, and 
during this time the PaUeozoic was still land. From the close of 
the Permian to the beginning of the Cretaceous we have no def- 
inite evidence from the Texas dei)osits. so far as they have l)een 
studied, though there can be little doubt that the older Paheozoic 
rocks remained drv land. 

Thus, from the beginning of Carboniferous times, and earlier. 

♦Published by permission of Mr. K. T. Dumble, Statt* Geologist of T«xa8. 
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until the Crotacoous period, with the possible exception of early 
Cavboiiiferoiis times, the iineient Palaeozoic core of ^Texas has 
been subjected to denudation. Since the l)e^inning of the Car- 
boniferous to the present, along the northern lK)rder of this area, 
there have been no disturbances of sufficient moment to affect the 
Carboniferous rocks, barring only the gentle tilting to which these 
have been subjected. In other parts of the area this is not true, 
for Dr. Comstock finds later disturbances, and the post-Carlx)nifer- 
ous age of the Burnet granite has been quite definitely settled. 
The point intended to be made here is, that the older rocks have 
not been subjected to extensive mountain building forces in post 
<'arboniferous times, otherwise it would be difficult to understand 
the remarkablv unbroken nature of the Carlwniferous rocks which 
skirt its northern border. Post-Cretaceous disturbances to the 
southeast, such as that of the Burnet granite intrusion do not, of 
coui*se, enter the })roblem under consideration. 

So. from Carl)oniferous to Cretaceous times the area was not 
onlv one of continuous denudation, but also one free from the 
rejuvenating effect of extensive elevation. How greatly denuded 
this area was in pre-CarlM>niferous times cannot be stated with 
jibsolute certainty, yet the valleys and promontories buried Ik*- 
neath the Carlx)niferous are not sharp and deep in toiX)graphic 
outline, but, rather, rounded, as if of adolescent or mature 
forms. This seems to show that the area, though a mountainous 
area, was not at that time one of striking relief. From that time 
to the beginning of the Cretiiceous its relief must have l>eeu 
greatly reduced in the absence of distinct rejuvenation. Yet. as 
will be shown, it was at this time a land of considerable tO|K)- 
graphic diversity. 

The lowermost Cretaceous bed is a hodge-podge of sand and 
conglomerate representing in large measure the old land, in part, 
if not entirelv, worked over bv the sea as it advance<l uiHm the 
Paheozoic land, which was sinking beneath the ocean. Strati- 
jrraphicallv this, the Triiiitv of llill. is the lowest member of the 
nearly horizontal Cretaceous, but it may represent a wide iH»riod 
of time. for. in places it is found on the Paheozoic land at an ele- 
valum of 1.2r»(» f«'et alM)ve sea level, while at other places it rests 
lit an elevation of l.IMH) feet. Thus this vertical difference of 
^u^\^ feet means approximately the time rcipured for the land to 
>iuk r*,')!! feet; and that there is this amount of difference of lime 



Te^eas Pahvozole, — 7<//v. ITI 

in the deposition of the Trinit}' sands in these two phices. Jn 
order to eliminate a possible error, even in this calculation, aris- 
ing from the complication involved by the tilting of th(» entire 
area in iK)st- Cretaceous times, it may be well to take differences 
of elevation in a northeast and southwest direction, which will 
reduce the difference in elevation from 050 feet to 500 feet. The 
difference calculated here is bsised upon i>oints fifty miles apart. 
That this difference is not great, when compared with the time of 
formation of the series as a whole, is proved by the fact that im- 
mediately over the Trinit}', in every place, is found the lower 
layers of the Comanche Peak beds. Thus it seems likely that 
the suVmiergence of the land was tolerably rapi<l. This is still 
further indicated bv the unassorted arrantjement of the lower beds 
and their wide divei*sity. 

That the Carboniferous land was a level land, is proved, on 
every hand, by the fact that, on the Carboniferous proper, there 
are no excessive changes in the general level of the Trinity beds; 
but, tluit the Carboniferous was a land area, and one of gen- 
tly undulating surface, is tHjually well proved by the gradual 
changes in elevation in the different parts of the region now par- 
tiallv covered by Cretaceous. For instance, southwest of Brum- 
wood, on the west side of Pecan bayou, in five miles, on a north 
and south line, the elevation changes from l.*J50 feet to 1,500 
fet»t. or an increase of 150 feet going northward five miles. The 
Santa Anna. Cretaceous butte. in Coleman countv. rests in Car- 
bonifenjus at an elevation of about 1,750 feet while fifteen miles 
to the northwest the Cretaceous-Carl^oniferous contact is at an 
elevation of 2,100 feet. At the base of the scarp along the 
Colorado river, the lowest Cretaceous boundary is a gently undu- 
lating line with a general rise to the north. The hills recentl}' 
uncovered fn>m beneath the Cretaceous are broad, flat -topped, and 
gently undulating. The gradual rise to the northwest is probably 
to l)e accounted for by the tilting of the entire mass in post- 
Cretaceous times; and it is probable that the old-land slope has 
lK»en reversed l>v this means. 

From this it will be seen that there are no })laces where the 
position of the lower Cretaceous s(»ems to indicate any sharp 
erosion or striking to})ogra})hic relief in the Carl coniferous land; 
but in the bordering Silurian the case is different. This was the 
highland of the time and, as would naturally l»e expected, the 
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hard rocks of that formation resisted the base-leveling proces-s 
long after the softer rocks of the Carboniferous had Ijeeii reduced 
to it. The Harper knobs west of the San Saba consist of Trinitj 
conglomerate resting on Carl)oniferous at an elevation of 1.400 
feet. Within five mile^ in a southeast direction there is Silurian, 
at present 1.650 feet high without any Cretaceous covering. 
Within seven miles in nearly the same direction, there is a Silu- 
rian hill without Cretaceous, at an elevation of 1,850 feet. That 
is, in seven miles, there is a rise of 450 feet nt hast in the pre- 
Cretace<jus topography. There are many other places where the 
Silurian rises to this elevation without any sign of ever having 
had any Cretaceous covering; but. southwest of Brady. Cretaceous 
is found resting on lK>th Carl)oniferous and Silurian at an eleva- 
tion of 1,900 feet. Here the Trinity rests at an elevation of 150 
feet al)Ove the nearest Cretaceous on the Upper Carlwniferous. 
10 miles northeast. The significance of this, with relation to the 
chief point under consideration, will be referred to later on. 

From the al)ove it will Ix* seen that when the Cretaceous |>eriod 
l)egan, in Texas, it found a Ipw-lj'ing land of Carboniferous strata 
undulating and nearly base-leveled, and an older Palaeozoic high- 
land district considerably diversified, but probably not strikingly 
mountainous. Tpon this area the encroaching sea commenc»ed 
the deposition of the Trinity sands and conglomerates, then, with 
more complete submergence, followed the higher beds of d(»e|>er 
wati»r origin. A few words upon this peculiar formation will 
help us in the })roper })resentation of this argument. 

The basal IkmIs of the Cretaceous are revealed in the Palaeozoic 
region along the base of the retreating scarp from beneath which 
the CarlK)niferous and other beds are being uncovered, and also 
along the base of the buttes and patches of Cretaceous which re- 
main as uneroded remnants on this area. Being nearly horizon- 
tal they are revealed over a great area !)V this means. Along the 
eastern margin in tJie Colorado river escarpment the beds are con- 
irlomerate. in the main, and varv in thickness from twenty fei»t 
or less to one hundred feet. Farther to the west the l>a.sal beds 
are sands instead of conglomerates, and there are also shales and 
impure limestones. Over the Permian th<»se beds are red in color 
from the color of the underlying rocks. 

In lithologic character the conglomerate is quite remarkable, 
being often coni})osed of large pebbles with a chalky cement. 
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The pebbles are frequently well rounded, and are sometimes, as 
for instance, south of Milburn, fully one and one-half feet in 
diameter.. They are almost exclusively of flint and marble from 
the Silurian. 

I am not able to account satisfactorily for such a conglomerate. 
At first I wiis inclined to the belief that it represented old river 
beds, and I am not certain that this will not l)e found to be the 
origin of some of these conglomerates. The rather linear ar- 
rangement, in places, the fact that many miles away from the 
Silurian large pebbles from this source are found, and the presence 
of silicified wood and land fossils seem to indicate this origin. 
The close resemblance which some of this conglomerate bears to 
quaternary conglomerates in the creek beds is very striking. 
In Wallace creek, west of San Saba, the pebbles brought from 
the Silurian in times of flood, are cemented bv a tufaceous ma- 
trix, de|K>sited from chemical solution by the evaporation of the 
water, and this conglomerate resembles the Cretaceous so closely 
that several good observei*s have at first sight considered haml 
specimens of the two the same. 

Certainly this is not an ordinary beach conglomerate, for, in 
addition to being composed of large and sometimes well rounded 
pebbles, it is composed, in fully one-half its bulk, of a matrix 
of limj' matter. We have a basis for comparison in the same 
field, for, near Rochelle, Cretaceous conglomerate rests directly on 
the Carl)oniferous conglomerate. Not only is there no resemblance 
lietween the two in the character of the matrix, but the peV)bles 
also, though derived from the same source in l)oth cases, are en- 
tirely diflferent. The Carlx>niferous conglomerate has no pebbles 
of marble, but the Cretaceous contains very many marble pebbles 
in addition to the flint derived from the niarl)le. This compari- 
son shows that, while the Carboniferous conglomerate* had been 
subjected to much sea-shore grinding, the Cretaceous was almost 
free from such action. 

It can be readily shown by subtracting the present slope of the 
old CarVionifen)us land from the dip of the Cretaceous that the 
dip of the old pre-Cretaceous land was several feet per mile to 
the northwest. Conseciuently as the land sunk beneath the sea 
the water encroached from the west toward the east. 

The Trinity beds are probably nothing more than hurriedly 
worked over soils and land debris, in a rapidly encroaching sea, 
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the mpidity being indicated both by the character of the strata 
and the fact tliat at |x>ints four or five hundred feet alK)ve ooe 
anotlier the same stratum is found. The encroachment l>eiiig 
from west to east, as it proceeded, a bed of varying character and 
thickness was formed according as topography and amount and 
clmracter of supply varied. Such being the case it follows that 
at a distance from the elevated Silurian land the soils upon the 
comparatively level and rather soft Permian rocks furnished red 
sands, and. upon the Carboniferous, a yellow sand; but near and 
on the Silurian the stream beds supplied the waves with coarse 
material. This conglomerate hurriedly worked over and not 
much altered, soon came beneath the reach of wave action, as 
the subsidence of the land continued, and there became mixed 
with and covered by the finer deposits washed from the succeed- 
ing shore lines. In the quite rapid subsidence it is possible that 
some protec»ted river de|)osits may have escaped destniction. but 
I know of no instances which can definitelv bo stated to be of 
this origin. 

Above these beds everywhere are found deposits of great uni- 
formitv free from conglomerates, and usuallv free from sandv 
material. (V»rtain of these beds are stated bv Prof. Hill to be of 
truly <leep sea origin, indicating a subsidence of several thousand 
feet. The remarkable extension of certain thin beds over hun- 
dn»ds of .scjuare miles proves great uniformity of conditions at- 
ttMiding their deiH)sitiou. A great thickness of true chalk is also 
pn»ve<l by him. The aggregate thickness of these dejiosits is 
several thousand feet. 

Iff understand Dr. Comstock aright he conceives the Silurian 
to have been an island in this sea, for then* can be no doubt that 
the ('retaetM)us extended well up to the present limits of the art>a. 
since the CVetact^ous still exists there either in remnants or as an 
I'searpment to tin* main (VetaccM)Us art»a. This l*ala?ozoic island 
at pri»stMit seldom reaches much alM)ve 2,000 fe(»t, and is usually 
much less. At an elevation of 1,IMM> feet southwest of Bradv, 
as alreatlv statinl. I have found Trinitv beds with distinctive 
Trinity fossils as identified by Prof. Hill, and at present in the 
<*ollrrtions of the Texas geological survey. With the present 
to|M»grapliy this would submerge the greater part of the older 
Paheozoir iH'nrath the Trinitv sea. That still greater sulwsidenct» 
wi'ut on in the main (^-etaceous is provinl by the accumulation of 



Tea'an Paht^ozotr, — Tarr. 175 

si»veral tliousand feet of strutii above the Trinity, some of them 
of <leep water origin. 

If. instead of being a moderately low lying highland, as T have 
attempted to prove, the central minenU district was a mountainous 
area of great hight and topographical diversity, it might still be 
an islan<l in the Cretaceous sea. This seems more unlikely, how- 
ever, when we consider the com para tivel}' small area of the dis- 
trict, or, at least, that part of it which cannot l)e proved to have 
been covered by Cretaceous bv the existence of remnants of these 
strata: however, the continuation of this area along the Peder- 
nales river, and probably elsewhere beneath the Cretaceous, shows 
that large parts of the older PaUe<^)zoic rocks had V>y this time 
lost their former topographic diversity, and become reduced to 
highlands of moderate elevation and topography. In view of 
these facts it would be quite remarkable to find a single small 
area retaining its elevation to a sufficient degree to withstand the 
long continued and deep submergence of Cretaceous times and 
still remain an island. 

Aside from these facts there is another bit of evidence pointing 
to the same conclusion. With the exception of the lower Trinity 
lieds the Cretaceous .is rpiite without evidence, where I have seen 
it, of neighljiM'ing land. In the chalk and other beds the ma- 
terial is of such extreme purity that the neighborhood of land is 
quite out of the question, without the assumption of intermediate 
•currents of sufficient rapidity to remove all land debris of even 
the finest cpiality. 

Dr. Comstock puts forward* several rea.sons for his belief which 
T wish briefly to consider. First, the ab.sence of remnants of 
Cretaceous on the older Paheozoic is noted. This is certainly 
striking, but it may ecjually well prove that the (M'etacc»ous has 
]K?en for a long time reniove<l from this area, as I shall attempt to 
show |>ossible. Upon the (^irlK>niferous. low lying and undiversi- 
fied as it is. there are areas of considerable extent, only recently 
uncovered from beneath the conglomenite, in which, except in 
the stream beds, no signs of this covering exist. In the strongly 
diversified older rocks, with their greater elevation, this removal 
would be much more (juickly and completely accomplished. 

Secondly. ''The Cretaceous beds along the lx)rdei*s, even in- 
cluding the fossiliferous limestones, in large degree, are chiefly 

♦Second Ann. Rep. Texas Geol. Survey, 1891, pp. 60H-4. 
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shore line deposits of local origin. ' If these l)ed8 are Trinity or 
lower Comanche limestones it merely proves that at this time the 
older rocks were not completely su])merged ; Init if they l)elong to 
the higher beds the argument is quite unanswerable. 

Thirdly. The irregularity in dip of the Cretacc^ous is men- 
tioned. This is not the case in the more northern region which I 
have studied. This irregularity in dip may have been due to- 
original irregularities of the old land surface or to suljsecjuent 
deformations which Dr. Comstock himself has proved to have 
occurred in the region under consideration. 

The fourth and fifth arguments refer to the effects of fault.s in- 
the older rocks, the meaning of which I cannot quite make out 
from the brief statement which he was obliged to make. Having 
no knowledge of the region in ([uestion or the phenomena referred 
to, 1 should not feel myself ([ualified to answer these arguments^ 

The sixth argument is the vast erosion shown in tlu* oUler 
rocks, far too great to have b(»en accomplished in |K)st- Cretaceous 
times. Tliis is precisely the ground that I have taken aliove in 
attempting to show tliat the central core has l)een subjecte<l to de- 
nudation from before Carl>ouiferous times to the lK»ginning of tlie 

Cretaceous 

Dr. Comstock's seventh argument is that the pre-CretaciH>us- 

to|K)grai)hy is still being perfected, the present streams occupying: 
the old valleys, (juite in contrast to that which is seen in the 
area onlv recent I v uncovered from ])eneath the (Vetac<H)us. A 
stream superimpose<l upon a lower rock tlu'ough an unconform- 
able covering finds itself following an irregular course, with little- 
reganl to reveale<l toiM>graphy and structure. It is now pretty 
well pn)ved that the streams will eventually adjust themselvt^s 
to the newly formed topography. I have attempted to show, in 
articles in the .1//// r/rr//* Jmirual nf Sriimr^ that this has lK»en the 
case in the CarlH>niferous area of central Texas. Where n»cently 
uncovered the streams fiow over the Carboniferous in very irrt»gu- 
lar courses. I)ut, as you proceed away from such places, they are 
found more and more in conformitv with the (\irlM)niferous struc- 
ture. The tributaries to the Colorado, and that river itself, show 
such a<ljustnients. In a region like the older Paheozoic which is 
so much more divei*sifie<l in topography and strudure, so much 
more elevated and, probably, so much longer uncov(»red. this pro- 
<*(»ss of adjustment has lia<l lM>tli more time and opportunity for 
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■expressing itself. In this way the correspondence of present and 
ancient valleys may be accounted for even though the entire re- 
gion was once completely buried beneath Cretaceous strata. 

The eighth and last argument is in no essential particular differ- 
•ent from the first, and therefore recpiires no separate answer. 
With the exception of two of Dr. Comstock's arguments, other 
•explanations seem possible, and these explanations do not militate 
against the theory that the entire Palaeozoic and older rocks were 
once buried beneath the Cretaceous. The weight of the other two 
arguments I cannot attempt to decide upon. 

(Granting that the Cretaceous at one time extended completely 
across the Palaeozoic and Archean, it remains to be shown how it 
happens that this area contains now no relic of this former covering, 
whereas the Carboniferous al)ounds in such evidence. The rea- 
.son for this cannot be stated definitely, although there are several 
possible explanations. In the first place the Cretaceous, owing 
to the elevated nature of the Palaeozoic core, mav have l>een 
actually thinner here than elsewhere, and hence more (piickly cut 
through. Another possible explanation is that the post-Cretaceous 
deformations noted bv Pr. Comstock mav have elevated these re- 
gions alx)ve sea level earlier than the neighboring regions, and 
thus given them a long start in the race of denudation. A more 
r^a.sonable explanation than these even exists in the probable form 
Kjf the Cretaceous sea floor. The central highland region of 
Texas, is at present much more elevated than the uppermost Cre- 
taceous beds to the southeast. Even the accumulation of several 
thousand feet of sediment could hardly Ije expected to completely 
efface this old mountain area. It most probably formed a great 
dune in the Cretaceous sea. which, in post -Cretaceous times was 
the first to be niised above the sea. and conse<iuently the first to 
be attacked b}' erosive agents. That the elevation of the Cre- 
t.iceous was in great measure continental in character is shown by 
the uniformity in dip throughout the Cretaceous area. It seems 
probable, therefore, that if, as is sup|>osed, the central district 
was submerged and covere<l. it was the first to appear, and this 
fact will account for the (juite complete removal of Cretiiceous, 
and the adjusted coui*ses of the streams. 

In summary it may be said that it has l)een the attempt of this 
paper to pi*ove that the central Palaeozoic and pre- Palaeozoic core 
-of Tex:is has Ixeen from U'fore the beginning of Carboniferous to 
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Oretaceous times, almost, if not quite iiu interruptedly a lancl area 
subjected to denudation; that, at the beginning of Carl>oniferous 
times the land was already eroded l>eyond the stages of youth 
nearly t<^) topographic maturit}'; that, when the Cretaceous i>eri<Ml 
began, it found the (Vr}>oniferous area a low-lying base-levelleil 
area, a peneplain skirting a moderately low and not strikingly 
diversified highland of older and harder rocks; and that the 
( -retaceous ocean completely covered this region. de|>ositing there- 
on a considerable thickness of Cretaceous rocks. The encroach- 
ment of the Cretaceous sea was rapid as is indicated by the pe- 
culiar Trinity conglomerate, which is aj)parently hurriedly worked 
over land debris. The final chapter in the history was the jKist- 
Cretact»ous elevation, which first raised this region above tlie sea, 
l>ecause its former elevation was in part indicated in the to|x>g- 
raphy of the (^retaceous ocean even through the blanket of (>€»- 
taceous strata which covered it. Being the first to be niiscMl 
above the sea it was the first to be eroded, and consef[uently now. 
over large areas, shows no signs of the former covering, either in 
remnants. Quaternary <lebris, or in unadjusted stream courses. 



NOTES UPON NEBRASKA TERTIARY. 

By F. W. RrssELL, CJiicajro, lU. 

In the January (1S1M») number of the (fKoi.o(iisT the writer pre- 
sented some preliminary observations upon certain geologic forma- 
tions of central Nebraska. Obtaining manv of these data from n»- 
connaissance a desired degree of accuracy could not be attaininl. 
Subse<|uent examination has served to reveal more completely 
certain critt»ria for the stu<lv of this central record. One hiatus 
is closing but we can not, as yet, proceed along an unbroken 
secjuence. Most noticeable <loes this become when we endeavor 
to intercalate certain IkmIs lK»tween the inferior Tertiary limestone 
and the superior lo(»ssian formation. These IkmIs, as far as stK*n» 
do not contain data for exact horizonal determination. The 
problem then resolves itself into placing them from their relations 
to the other formations. Hriefiy then to get the secjuence in mind 
let us consider our material. We shall find at the base the un- 
questioned Tertiary buttes. The writer has examincHl all the 
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outcrops occurring in the counties of Sherman, Howard, Greele}- 
and Valley. Two of these Tertiary exposures have been pre- 
viously cited viz: at Scotia and Seneca, in Hooker Co. I will 
give two more, one at Brewster, one at Rock vi lie. With the ex- 
ception of the last the masses rise in isolated buttes from 65 to 
100 feet. Rockville exposes only a few feet. 

In composition there is but little difference. -Seneca, Scotia 
and Brewster almost the same; Rockville slighth' more siliceous. 
Among the observed fossils Planorbis, Fhysa^ Limtura. Viviparus 
identifiable. Also many fragments that cannot be recognizeil 
even generically. The Seneca outcrop alone has funiished verte- 
brate remains. 

Passing upward to the superimposed and unconformable sands, 
clays, gravels and loessian we find these clearly differeutiable 
into two divisions. The sands, clays and gravels comprise 
the be<ls to Im? inserted between the other known terms. The 
l^est loimtious for examination and study are along lines of 
the Burlington and Missouri River railroad in the aforementioned 
counties. The extremes of variation are a pronounceil ferrugin- 
ous arenaceous mass and a drabbish argillaceous soil. The typi- 
cal component is an iron stained clay. The ferrugineity is often 
manifested in small iron concretions and in hand specimens of 
iron-(.*emented sand. Not infrecpiently do these hand specimens 
show^ the presence of manganese. This particularly from a 
deposit south from Arcadia in Valley Co. Digestion with hot 
hydro-chloric acid demonstrates protoxide of iron as an external 
granular deposit on much of the sand. After such treatment the 
dark grains came out suq)risingly white and clear. 

Contrasting the individual particles of this formation with the 
superior and non-conformable loessian distinct differences obtain. 
In the lower material the percentum alx)ve .028 mm. is much greater. 
The grains do not show such marks of attrition. The percent of 
water- worn particles is somewhat high but even here the original 
angular faces have not l>een removed. Of the particles, most are 
quartz, but i«lentifiable I find muscovite, biotite, hornblende and 
glauconite the most common. Of hand specimens syenite, ([uartz- 
ite, chert, quartz and granite. The last however of very limited 
occurrence. 

As far as ol)served this horizon is destitute of fossils. Hence 
present examination must proceed without these valuable indices. 
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Continued study and search may result in bringing organic 
remains to light. Let us hope. 

The natural outcrops of this formation are rare. In places the 
creeks of the bluffs have cut through the superincumbent loessian 
and thus revealed the clavs and sands. This raritv of natural 
outcrop is not strange when we think of the extent and thickness 
of the loessian blanket. But where revealed, whether bv creek 
erosion or railroad cutting, then* is exhibited always a non-con- 
formity. Not abrupt, as upon the Tertiary buttes, but having 
more undulation, as though the beds sank quietly l)elow the 
water and received a uniform precipitation. However, such a 
deposition of sediment as did not effectually conceal the previous 
contour. II|)on the emergence of the land the drainage at once 
assumed almost the identical conditions that had previoush' ob- 
tained, and in many places we find streams running on loessian 
beds in channels marked out for them prior to the de{)osition of 
this fornuition. The Loups are not rajiid eroders, on account of 
the load of sediment thev carrv. Thev have not hence cut 
through the loessian blanket. 

In the lower of these two divisions above the Tertiary butter 
we have no vertical cleavage. In this respect it differs pro- 
nouncedly from the formation immediately al>ove. The com- 
mon calcium carlK)nate nodules are also wanting. In summation, 
then, the cardinal characteristics for recognition are the presence 
of iron and the iron stain : the presence of gnivel, some particles 
lH»ing ([uite coarse: absence of fossils; absence of calcium car- 
lK>nate. Iwtli in nodules and disseminated: absence of vertical 
cleavage, and presence of mangan€\se. The last perhaps rather 
mon» local than genenil. These data obtain for all of the many 
outcrops thus far examined in the counties of Valley, Greeley. 
Howard and Sherman. 

Turning to the superincumbent deposit then, let us still further 
note the differences. This formation luis a uniform bufflsh to 
4lnd)bisli appearance. The particles are smaller and more uni- 
form, showing greater attrition. Calcium carlionate present in 
nodules and disseminate«l throughout the mass. Vertical cleav- 
ag(» always found. an<l becomes one of the most ini|)ortant means 
of identificatit>n. The fonnation is fossiliferous, having such 
forms as Sfcriucti, Znuites. J/rit\r, 1*11 pa, Vulhniin. Ifeh'aKfixrus^ 
etc.. of which Jfrlimfh'srns iuu\ Sfrriuta (k'cut In ijreat numl>ers. 
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What, then, are the ages of the formations? Are we justified 
in iissigning the lower buttes to the Miocene? It seems so. The 
indications point to this conclusion. If we adopt this determina- 
tion then we may with propriety assign the formation of the bluffs 
to the Pliocene. The question then arises, is the variation be- 
tween this upper Pliocene and the I)eds immediately under 
greater than might l>e found in one formation? Considering the 
variableness of the Tertiary, so great dissimilarity might ])e 
found within the one division. In this case the upj>er bluffs 
would l)e the superior meml)er, and the gravels, etc., the inferior 
member of the Pliocene. 



ON FOSSILS IN THE LAFAYETTE FORMATION IN 

VIRGINIA.* 

By N. H. l)ARTt»x, r. S. Geological Survey, WaHliiiigton, I). C. 

In II paper entitled '*Mesozoic and Cenozoic Formaticms of 
Eastern Virginia and Maryland, *'t 1 described the relations and 
<listribution of this formation in the western |K)rtion of the coasUil 
plain region, and announced its extension northward through 
northeastern Virginia and Maryland. 

Uuring the past season 1 have found that the formation extends 
eastward down the coastal plain peninsulas nearly to Chesapeake 
bay. These peninsulas consist of remnants of an elevated plain, 
oc*cui>ied by a shei^t ()| Lafayette formation, and originally con- 
tinuous over the entire coastal plain. This plane is inclined 
gently eastward, its altitude <lecreasing from 500 feet in the Pied- 
mont region, to from (K) to SO feet in the vicinity of (Miesapeake 
Imy. where it is terminate<l by an abrupt descent to the low Pleis- 
tocene terrace bordering the bay to a width of several miles. The 
great drainage depressions are excavated in this plain and the re- 
sulting peninsulas are more or less widely fringed by the low, 

*Thid formation on the Atlantic coastal plain was first described under 
the name Appomattox, by McCiee, in 1889, in a paper entitled ** Three 
Formations of the Middle Atlantic Slope," Am. Jour. Sri.^ M series, vol. 
35, pp. 328-330. In the American Geolo<;ist, vol. 8, pp. 121»-131, Hllffiird 
proposed to revive the term " Lafayette," which was applied in the Mis- 
sissippi region in 1855-*56, and the'temi was adopted by McGee and Bar- 
ton in a chapter oo the (Jeology of Washington in the I^uide to Washing- 
ton, prepared for the meeting of the loternatioual Congress of (4eolo- 
gists, in August, 1891. 

tGeol. Soc. Am. Bui., vol. 1, pp. 431-450, map. 
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Pleistocene terraces which occupy them. The peninsula rem- 
nants of the high plain are also invaded by steep-sided, lateral 
drainage-ways. The aggregate area of Lafaj'ette formation re- 
maining is, however, more than half of the original amount, and 
the level, monotonous surface of the old plain is the characteristic 
feature of all the higher land of eastern Virginia and Mar\'Iand. 

In its eastward extension the formation gradually becomes finer- 
grained; the pe])bles are small and in less proportion and the 
amount of argillaceous matter increases. The pre<lominant mate- 
rials are orange and buff sands, with irregularly distributeil drifts 
and sprinkling of small pebbles. Near the base of the formation 
in the easternmost localities thin beds of grey clay l)ecome conspic- 
uous, but they alternate with beds of sharp sands. Tlie forma- 
tion gradually thickens, also, and finally' a thickness of from forty 
to sixty feet is attained. Throughout its eastern extension the 
formation lies unconformably on the east-dipping surface of the 
Chesapeake (Miocene) sands and its base usually includes more or 
less (^hesapeake materials. 

It was hoped when the off-shore deposits were studieil that fos 
sils would l>e found, for no traces of organic life had lieen dis- 
covered in the coarse beds farther westward, and it would lx» verv 
interesting to know something of the life which existed in this re- 
gion in Lafayette times. Careful search finally resultetl in the 
discovery of a fossiliferous locality, but the remains throw but little 
light on the (juestion. They consisted of water-worn shell frag- 
ments, and occurred in a thin coarse sand stratum a few feet 
from the bjise of the formation, in a road -cut a short mile north- 
east of Heathsville, the countv seat of Northumljerland count v. 
Virginia. 

The remains were sul)mitted to Dr. W. M. Dall. of the Smith- 
sonian Institution, and to Dr.W. B. Clark, of Johns Hopkins Uni- 
versity, but as the material was in such |K>or condition it was ditll- 
cult to i<lentify species. The most abundant individuals were T'* int$ 
mem naria: a (inathodon was recognized which Dr. Clark thought 
was probably G. ijniyii. and a ba<lly worn shell suggesttnl Anomift 
simpitw to Dr. Dall, but he was very doubtful as to its identity. 

The Vomx mcrmtarta has such a wide range as to Ix? of no ser- 
vice in the present intjuiry. Gnat/iotlon grayii is a Miocene ft>rm, 
but other (luatlKxlons occur in the Plioi'ene. and the genus is still 
living in the seas of the far .south. 
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Owing to their proximity to the Chesapeake formation, and the 
broken and water- worn condition of the shells it is possible, if not 
probable, that they were derived from the nnderlying formation. 
The soft, loose Chesapeake sands at this locality were never richly 
fossiliferous and have lost their shells by solution, but there are 
other localities, not far from Heathsville, where both Venus mer- 
cenaria, Gnathodon and other Miocene shells occur in abundance 
in the Chesapeake formation. 



QUATERNARY GEOLOGY OF KEOKUK, IOWA, 
WITH NOTES ON THE UNDERLYING ROCK 

STRUCTURE. 

By C. U. GoRiK»', EvanstoD, 111. 

While the Keokuk limestone with its very intercepting piscine 
and crinoidal fauna, and the shales with their peculiar siliceous 
ileposits, have made this locality widely noted, the special topo- 
graphical and stratigraphical features of the region have received 
comparatively little attention. We have noted already some of 
the important features pertaining to the lithifled deposits*, and it 
IS the purpose of this paper to consider the tHpially significant 
topographical and Quaternary features. 

Keokuk is situated in Lee county, which comprises the triangu- 
lar area at the junction of the Mississippi and Des Moines rivers, 
in a bend of the Mississippi about two miles alwve its confluence 
with the Des Moines. For a distance of eight miles above the 
city, the general course of the river is due south with a slight 
bend to the west. Opposite Main street it makes a sharp turn to 
the west, bearing off s. w. by w. for nearly three miles, where it 
is joined by the Des Moines and again resumes its southerly* course. 
From Montrose, nine miles al)ove, the river flows over the cherty 
layers at the junction of the Burlington and Keokuk beds, giving 
rise to what is known as the Des Moines rapids. The canal along 
the western bank, constructed and maintained by the government 
to overcome this impediment to navigation, constitutes one of the 
important engineering features of the river. Just below the 
lower lock, an iron bridge spans the river, connecting the city 
with Hamilton, a thriving village on the Illinois side; while a few 

^American GEOUKiisT, Oct., 1889, p. 237; same, May, 1890, p. 257; 
American Naturalist, April, 1890, p. 305; American Journal of Science, 
Oct., 1890, p. 295. 
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miles ]>el()w, and easily seen from the bights at Keokuk, are War- 
saw on the Illinois side, and Alexandria in Missouri. The former 
is of interest as being the home of A.H.Worthen.whose lalx>rs as 
state geologist of Illinois placed him in the foremost rank of sciea- 
tists. The name. Gate City, was applied to Keokuk in the old clays 
of prosperous river traffic, when its position at the head of naviga- 
tion made it the "entering port'' of much of lowas oommerct*. 
Topo(frnphif. — The thickness of the surface deposits is not 
such as to materially affect the topographical features of the re- 
gion, and hence these derive their significance largely from the 
subjacent rock surface. A high mural escarpment faces the river 
along the eastern and southern sides. In places this wall is con- 
sidera})lv reduced and toward the south is intersected by the nar- 
row valley of Soap creek, leading in from the northwest. Xear 
the lower lock, the escarpment rises in bold outlines, with ret Heat- 
ing summit, to a hight of one hundred and sixty fet»t. Farther 
to the north, the blutf presents a steeply sloping face covered 
with superficial deposits. On the south, the escarpment is lx)ld 
and conspicuous, rising to a hight of nearly two hundreil feet. 
its face irregularly scalloped by narrow and short ravines. The 
highest points at the north and south are capped, underneath the 
Quaternary, by (^oal Meiisure deposits, while between these points 
varying iM)rtions of the underlying rock have been removed by 
pre-glacial erosion. l*atches of the St. Louis beds still crown the 
blutf at places north of Main street, while at its foot, erosion has 
extended to the (Jeode formation of the Keokuk beds. A drain- 
age })asin occupies the interior of the city north of Soap creek, 
and opens into the valley of that stream a little aljove its mouth 
In this area the rocks above the (xeode formation have been largely 
removed, leaving an amphitheatre-like depression, partially filleti 
by subsecjuent deposits. Th(»se have suffered considerable de- 
nudation, however, since the time of their deposition. Towani 
the northwest, the surface gradually rises to the narrow undnla- 
tory plateau forming the divide between the drainage systems of 
the Missi.ssippi and Des Moines rivers, and broadly scallope<l on 
either side by subsidiary drainage basins. At Montrose, the 
bluir recedes from the river, leaving a belt of high l)Ottoms three 
or four mile> wide ln'tween this point and Fort Madison above. 
Ih'ils of sand and gravel are here found twenty to thirty feet alK)ve 
a he present high-water level of the river. HetwiH?n this )>oint 
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and Keokuk, a band of water-worn shells of the same species as 
those now living in the river (Uniones) extends along both sides 
of the river at an altitude of fifteen to twenty feet alx)ve present 
high water mark.* There are indications that between these 
l>oints the channel of the river in pre-glacial times was west of 
where it is now. 

Rock Series. — The following is an approximately complete sec- 
tion of the rock serie^s as now known here, t 
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I. ROCK SECTION AT KEOKUK, IOWA. 

Thick. Depth. 

1. Sandstone with Stigmaria^ exposed. . . . 10' 
3. Black fissile shale 6' 

3. Coal 1-6' 8 4 

4. Fireclay 3" to 6' 

5. Black shale : 11 20 

6. Sandstone with SUgmaria; rests upon 
the uneven surface of the St. Louis lime- 
stone. Lower portions include limestone 
fragments, and occasionally LithoBtro- 

Hon catiademe 10 to 20' 36 



X 



7. (Ipper. Brecciated limestone. Stratifi- 
cation irregular. Portions abounding in 

? greenish and gray clay. Limestone 
ragments 5 to 12 inches in diameter, 
and more or less water-worn. Fossils 
usually in fragmentary condition. L, 
Mnademe 8 to 20' 50 

8. MiddU, Light or bluish-gray sandstone. 
Calcareous above, more or less massive 
ffrit below 5 to 10 58 

9. Jxfwer. Yellowish -gray or brown mag- 
nesian limestone. Avchimedts xtorlheni A'i' TO 



o 

■X 



10. Upper or Oeode Formation. Shales more 
or less calcareous, with occasional lime- 
stone layers. Filled with geodes 50 to «0 110 

11. Loiter^ or Limegtone Formation. Layers 
variable, with one to six Inch clay part- 
is ings. Argillaceous below 60 to 65 ' 170 

♦Worthen refers to this as marking the low water level of the river at 
some previous period of Its existence, (reologlcal Report, Iowa C1858), 
vol. I, Part 1, p. 186. 

tThe exposures here comprise all the beds to the base of the Keokuk, 
Including six to 'en feet of the underlying transitional chert beds now 
classed with the Burlington. The remainder of the section was derived 
from the records of the Hublnger artesian well kept by the writer and 
published In the American Geowxust for October, 1889, p. 237. 

tFor a fuller description of these beds see American Journal of 
Bcience, Oct., 1890, p. 295. 
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I 12. I >prr. Chert formation 80 ' 250 ' 

BniLisciTON. -{ 13. Tmaer, Limestone 40 21K) 

\ Calcareous shale 65 ' 855 ' 

KiNDEK- s 14. Limestone 10' 865' 

HOOK. ^15. Shale 195' 560 

Hamilton. 10. Limestone (shaly) 65 ' 625 ' 

OnisKAXY. 17. Sandstone (water) 20' 645 ' 

V , w, . « . U8. Limestone ("sandy") 55 ' 700 ' 

AiA(.ARA. ^ jg Sandstone (water) 37' 737' 

Hci)s(^^^^^ I 20. Cincinnati (Maquoketa) shale.... 63' 800' 

^'tufxton'*' \ ^^- ^-»"^^«^^»^» *^sandy" below 140 J»40 

LowKK j 22. St. Peter's sandstone 110' 1050' 

Magnesian-J 23. Alternating limestones and sand- 
ou Ozark. (^ stones (water) 735 ' 1805 ' 

TUl. — Tlio drift covering this part of the state belongs to the 
first glacial epoch. It is denominated the lower till and consti- 
tutes the attenuated iDorder of the drift region. It gnidually di- 
minishes toward the south and disappears in the vicinity of St. 
Louis. The following section was obtained at the foot of Ex- 
change street on the bluff overlooking the river: 

SECTION II. 

4. Boulders, gravel and sand commingled. Boulders and 
gravel predominating. All more or less cemented to- 
gether hy calcareous material. Boulders from 8 to 10 
inches in diameter 6 feet 

:>. Boulders, clay, gravel, and sand in irregular patches. 
Same as No. 4, but houlders larger, frequently from 2 to 
6 feet in diameter 13 feet 

2. Blue clay, gravel and sand lto8 feet 

1. Shales of the (»eode formation 13 feet 

At tlie foot of Hank street, one block south, No. 3 was seen in 
contact with the (IriM)de shales. In this division erratic boulders 
pre<lominate. while al>ove in No. 4 limestones are numerous and 
apparently but little removed from their original locality'. Frag- 
ments of the St. Louis. Keokuk and Burlington limestones were 
observed. Some of the lK)ulders were greatly exfoliateci and de- 
comiK)sed. This, together with their cemented ctmdition, has 
Ihhmi adduced bv Chamberlin and Salisburv as evidence of the 
early origin of the l)order till.* No striated lx)ulder8 were ob- 

*r. S. Geol. Surv., lith An. Hep., p. 264. 
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s<»rve(l. This may he accounted for b>' the exfoliation which they 
have sutfered. Moreover, tliose rocks which have suffered little 
from this cause, were probably borne along within or upon the 
ice. Mr. Guthrie has shown* that boulders thus inclosed are con- 
stantly rolling upward in the same manner that the coarse mate- 
rial in roily water is whirled upwanl and outward to be de|)osited 
along the banks, or transported to some quiet resting place. 

Locsn. — A cutting at the corner of Second and Des Moines 
streets not far from the alx)ve locality, discloses the following 
arrangements: 

SECTION III. 

7. Fine, dark drab or ash-colored material, becoming coarser 

below, and gradating into No. 6 8 feet 

6. Coarse red sand, mingled with finer particles; approaches 

a red clay in places 10 feet 

5. Fine white sand, interstratified with hard red iron oxide 

Imnds from 1 to 2 inches thick 4 feet 

4. The boulder bed underlying the above showH its relations 

to the preceding section ? 

Ffrr urinous Zone. — The uppermost division presents the typical 
characteristics of loess. No. 5 and the lower part of No. 6 are 
more or less stratified. No. 5 is made up of white quartz grains 
v^arA'ing in size from 1 to 4 mm. in diameter, those above 2 mm. 
pre<lominating. They are more or less rounded in outline, though 
angular forms are not wanting. The red bands show no variation 
except in the presence of cementing material in the form of iron 
oxide. No. (> diflfers from No. 5 in the added presence of grains 
from 4 to 10 mm. in diameter, and an abundance of iron oxide 
and finer particles. Under the microscope the oxide may be seen 
coating the sand grains, and in masses, along with the smaller 
particles, filling the interstices between the coarser grains. A 
vertical cut through the bed exposes small cavities with hardened 
walls, partially filled with clean white sand. The same white 
grains may be obtained from the main mass by dissolving the 
oxide with hot hydrochloric acid, thus indicating the probable 
origin of these |)ockets in a leeching process, due to waters 
charged with organic acids derived from the decaying vegetation 
above. Rounded grains are common. The decided coloration is 
a prominent feature of this bed. Wherever laid bare it is easily 
traced for long distances. Just alK)ve Warsaw, on the Illinois 

*Lake Michigan Glacier, p. 11. 
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side, is au exposure easily recognized from Keokuk several miles 
away. Pebbles of granite are occasionally found, but are not 
numerous. Chert fragments are frecjuent, and often occur in 
accumulated masses. I have also ob»cr>'ed geodes clistri)>ute<i 
sparingly through the beil. Lime concretions occur in the up|)er 
|>ortions. The de|)osit is mostly coarse and porous, and is some- 
times used for molding purposes. This l>ed has sometimes In^on 
considered as representing the more important formation towanls 
the south, called the Orange Sand. Hilgard, who first studied 
these beds (Orange Sand), reganls them as the southern ecjuiva- 
lent of the northern drift, considering the materials of the two to 
l)e '-essentially correspondent," and as.serts '-that there are but 
two essential particulars to distinguish it from the ImmIs of the 
northern drift proper: first the absence or at least great scarcity 
of erratic rocks proper/ * ♦ ♦ ^nd secondly the great pn»va- 
lence of limited deposits of ferruginous sandstone or conglom- 
erate. * * In the drift of the northern states the femiginiz- 
ing process has played but a sul>ordinate part.*'* Until (|uite Ac- 
cent ly this view has lx»en sustained Vjy nearly all of the geologists t 
who have written uj>on the subject, those of Illinois alone dis- 
senting, and insisting upon their pre-Pleistocene character. The 
latter view has recently been confirmed by investigations in east- 
ern Arkansas under the auspices of the state giH)logical survev. R. 
K. Call, who has made a special study of the Orange Sand, gravels, 
and Loess of Crowly's ridge, says that he regards the Tertiary 
age of these l)ed8 as unwpiivocal. t In a contribution to the same 
report, R. 1). Salisbury sustains this opinion fn)m confirmatory 
evidence gathered along the lower Ohio. Briefly, the rea,sons a<l- 
ductnl by the latter for this dis|K>sition of the IxmIs. are as follows: 

1. The unconformity which exists between the loess and the under- 

lying gravels and sands. 

2. The profound weathering and oxidation which these formations 

underwent previous to the deposition of the loess. 

3. The constitution of the gravels of Crowley's ridge precludes 
their reference to the Pleistocene.^ 



♦American Journal of Science, 2nd Ser. No. 12J^, p. 315. 

•♦•Saffoni, Am. Jour. Sci., 1804, Vol. 37, p. 361. 

Dana, J. I)., Manual of Geology, p. 54i8. 

Leconte, Elements of (;«M)logy, p. 548. 

Loughridge, Jackson Purchase Region, Ky. (»eol. Surv. 1888. 
^Arkansas (Geological Report, Vol. ii, 1889, p. 126. §Same, p. 224. 
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Upon the last point Salisbury's statements are greatly at vari- 
ance with those of the majority of previous writers, for he says 
that, in the '^hundreds of exposures examined for this especial 
purpose. 710^ a single pehhle of denwnsfrahli/ northrn oriyin has 
ever been found.'' If the correlation of these l)eds with the Ter- 
tiarj' l>e accepted, and the evidence presented seems conclusive, 
it opens anew the question as to what constitutes the southern 
representative of the drift corresponding to the first episode of 
the first glacial epoch. This is found by the al)Ove writers in the 
lower division of the loess, above which is a zone of oxidation 
with traces of an old soil separating it from the later loess alx>ve. 
According to this view, it would seem probable that all the de- 
posits above the till at Keokuk should be referred to the loess, 
and if the ferniginous zone corresponds to that giving rise to the 
two-fold division suggested by the above authors, then we have 
the lower division of the southern loess represented here by the 
lower till and the ferruginous division ahovf. An explanation of 
this, however, ma}' be found in the peculiar location of Keokuk 
just within the lx)rder of the glacial area. In the retreat of the 
ice sheet to the north there would he dejKJsited first the material 
held by the ice, forming the lower till. But, as the edge of the 
ice recetled up the valle}-, the deposit would gradually change, 
liecoming essentially estuarian in character. Then followed a 
period of deglaciation during which, probably, oxidation played 
a prominent part. This constitutes the interglacial episode of the 
earlier glacial epoch. Then came the closing episode, durnig 
which, apparently, estuarian conditions prevailed, and the main 
botly of the loess was deposited. According to Chamberlain and 
Salisbury this all lielongs to the first glacial epoch after which the 
conditions of loessial deposit no more obtain, and the subse<iuent 
history of these regions is one of continued oxidation, erosion and 
rearrangement. 

In studying this formation we have lK»en specially interested to 
learn if there is an}- significance in the fact that it is most prom- 
inently developed opposite and for some distance above and below 
the mouth of the I)es Moines. In seeking an explanation of the 
prol>able source of the material constituting it, the agency of that 
river must not l)e overlooked. For a large part of its course it 
has been cutting its way through the sandstones and shales of the 
Coal Measures. Al)Out one hundred miles al>ove its confluence 
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with the Mississippi occurs an excessive development of red aud 
variegated sandstone. In the vicinity of '*Red Rock," to which 
it has given name, this bed has a maximum thickness of 150 
feet.* The material gathered by the river from this and other 
rocks in its course must have had some part in determining the 
character of the deposit forming about its mouth. 

The Upper Loess. — The upper portion presents the usual char- 
acteristics of typical Loess. A careful examination reveals the 
presence of (][uartz grains essentially the same as in the ferrugi- 
nous portion, but greatl}' diminished in number. The main mass 
consists of finely divided particles, rock-flour, var3'ing in size 
from .01 U) . 05 mm. in diameter. They show no signs of attrition. 
A bare trace of iron oxide may sometimes be observed. No fos- 
sils were seen though the ''lime balls'' or ''loess-kindchen'' held 
bv some to be derived from fossil shells are common. 

Evanston^ III. 

EXPLANATION OF PLATE. 

a«„i« /««««^# s« 4)».,.^ >i\ / Horizontal 1 to 19680. 
Scale (except m figure 4). ^ y^^^^ ^ ^^ ^q^O. 

Fig. 1. Profile section (4^^ miles) from west to east, through Keokuk 
and Hamilton, 111., crossing the Mississippi in the vicinity of the lower 
lock of the Des Moines canal. 

Fig. 2. Profile section (8}<e miles) from southwest to northeast across 
Keokuk Point, stalling from a point midway between the mouth of the 
river and Des Moines bridge. 

Fig. 3. Profile section ^ mile southeast of No. 2, and parallel with it. 

Fig. 4. Profile section on Des Moines from the river to Sixth street. 

f, 2, 3, 4 equal 4, 5, 6, 7 of Section hi., p. 187. 



ORIGIN OF THE GRAVEL DEPOSITS BENEATH 

MUIR GLACIER, ALASKA. 

By I8RAEL C. Russell, Washin^n, D. C. 

[With contributionn by Prof. (1. Fbkderick Wright, Prof. Harry Fielding Reid and Mr. 
II. P. Gushing.] 

In an excellent article on the Mnir glacier, in the October num- 
ber of this journal, Mr. H. P. Gushing described the gravels on 
which the lower end of the glacier rests, Imt states that he is un- 
able to explain their origin, t 

♦Geological Report Iowa (1858), Vol. ii, Part 1, p. 168. 
Keyes, C. R., Bull. G. 8. A., Vol. ii, pp. 277-292. 

fThe same deposits are discussed by G. F. Wright in Ice Age in North 
America, pp. 57-61; and also in American Gkol.ooi8t, vol. 0, pp. 880-881. 
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1 made a hasty examination of the gravel deposit beneath the 
ice on the east side of Muir inlet, in 1890, and l)elieve that if 1 
can make clear to my readers how similar accumulations of gravel 
and sand are now forming in other portions of southern Alaska, 
w^e shall be able to come to an agreement as to the history of 
those under consideration. 

The Lessox. 

About the outer lK)rder of the Malaspina glacier and at the foot 
of the Atrevida, Black and Lucia glaciers on the west side of 
Yakutat bav, there are immense '* boulder washers/' as T have 
been in the habit of calling them, which are being dei)osited by 
over- loaded, glacial streams and have the essential feature of the 
■'idluvial cones" or ''alluvial fans," so common in arid regions, 
except that the material of which they are compose<l is in general 
more thoroughly rounded. They are also similar to the subaerial 
IKjrtions of the deltas of high-gntde streams. 

One of the most characteristic Ijoulder washers observed in 
Alaska, is on the east side of the Atrevida glacier, and has its 
apex at a l(K»ality where a creek of turbid water, calUnl Ksker 
stream, rushes out from a tunnel at the foot of a precipice 
of ice about 200 feet high.* ^ The stream flows for two or three 
miles through a deep gorge, having a moral ne-covennl bluff of 
ice for its right wall for a large part of the way, and a precipi- 
tous mountain slope, loaded with morainal dei)osits, for its left 
wall. The gorge has lKM»n formed ))y the melting back of the ice 
owing, in a great measure, to the action of the stream which flows 
through it. Many other sub-glacial streams emerge in a similar 
manner at the margins of the glaciers mentioned above. Some of 
these have cut back deep bays or canon-like recessi*s in the periph- 
ery of the ice: while others have failed to form re-entral angles 
of this character. Whether or not a local recession of the ice- 
front shall follow the emergence of a sub-glacial stream, depends 
on the volume and swiftness of the stream, and on the amount 
and size of the debris that rests on the ice, and as the ice melts, 
falls into the stream. When the stream is strong enough to keep 
its channel open, a deep notch in the ice-front ma}' result: but 
when the debris from the sides and head of the recession is abun- 
dant, and especially when it is of large size, the channel frequently 

♦An illustration of the source of this creek is given in Sotumnl Qm- 
graphie Magazine, Vol. 3, 1891, pi. 10. 
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l>ecomes choked, jind tlie sub-glacial waters are force<i U> find a 
now outlet. 

In the case of the stream issuing from the Atrevida glacier, the 
channel is deeply filled with debris, most of it of large size, de- 
rived from the ice cliffs near its source, but the water is swift antl 
the boulders are swept along the channel until they can fin<l a 
ix»sting place. When near the stream, one may hear, even al)ove 
the roar of the torrent, the clashing and pounding of the l)Oiilders 
as they are rolled along and hit against each other or against the 
still larger stones over which the water rushes. As soon as the 
canon widens, the stream divides and piles up the lx)ulders, now 
on one side of its channel and now on the other, while the finer 
material is caiTied farther down. Owing to the deposition of the 
coarser portion of the heavy load with which the stream starts, its 
channel is built up higher than the adjacent surface, and conse- 
(luently the drainage is unstable. Some three miles from its. 
source the stream passes a spur of hills on its left and has room 
to expand its deposits. It then bifurcates again and again, and 
is constantly forming new channels. The region through which 
the stream flows is heavily timl>ered and the expansion of the tor 
rent-swept area is accomplished by invading the forest on either 
side of its course. Where this has occurred recently, the dead 
trees are still standing, and in some instances even retain their 
withered foliage; farther out in the gravel deposit the}' are dead 
but unbroken; while still farther away, only trunks and stumps 
l)roject above the barren, stream-swept surface. The de- 
bris thus being laid down has the form of a segment of a low 
cone. The apex of the cone is four or five miles from its base, 
on Yakutat bay, and* has an elevation of some six or eight hun- 
dred fei»t. Its breadth near its Iwise is about two miles. The 
depth of the deposit cannot be determined, jis building is in active 
progress and dissection has not begun, but judging from the con- 
tour of the adjacent surface, is must be several hundred feet in 
the central i>ortion. The deposit is coai*se and sub-angular near 
the apex of the cone, l»oulders four fe(»t in diameter lK*ing not un- 
common, but iKKJome finer and finer near its base. The outer 
l>ortion of the dei>osit, near Yakutat bay, is composed of gravel 
and sand. From the nuKle of its formation and the character of 
its surface, it is safe to assure that it is cross-stratified through- 
out and has many abrupt alternations of fine and coarse material. 



Gravei DeponlU^ Muir Glacier. — RuHnelL IDS 

Trunks and l)ranches of trees are scattered over its surface or im- 
bedded in the superficial la^'ers. Portions of trees probably oc- 
cur throughout the deposit, and beneath it over large areas, there 
must be a buried forest. Conditions are easily conceived wherebj' 
other forests might become buried above the first. 

The debris carried down by the stream is derived almost en- 
tirely from the moraines on the glacier from which it flows, and 
partakes of their heterogeneous character. Kxamples of all of 
the rocks bordering the east side of the Atrevida glacier occur in 
the stream dejwsit. 

Owing to the fact that the stream is overloaded at its source 
and is depositing in that region, it is evident that the apex of the 
cone is rising, and, conse<iuently, that it is increasing in thick- 
ness throughout. The grade of the stream increases towards its 
source and will continue to increase as the ice wall from l)eneath 
which it flows recedes farther and farther. These conditions, to- 
gether with the constant bifurcation of the stream as it flows down 
the cone, thus decreasing its transporting power, make it evident 
that the cone will continue to grow in all of its dimensions until 
the glacier which feeds it, lx)th with water and debris, ceases to 
recede, or until the ratio l>etween water supply and the amount of 
debris contributed is greatly changed. 

Another ]K)ulder-wa8h which is being formed b}^ Kwik stream, 
at the foot of the Lucia glacier, is several times larger than the 
one described al)ove, but is of the same type. Man\' othera of 
less size were observed at the extremities of the secondary glaciers 
about Disenchantment bay, and about the l)orders of the Malas- 
pina glacier. These numerous examples seem suflficient to dem- 
onstrate that deposits of l)oulders, gravel and sand of the nature 
of those notice<l al)Ove, are dependent on the retreat of the gla- 
ciers about which they are forme<i. Should a glacier, after re- 
treating and depositing an alluvial cone, l)ecome stationary, it is 
evident that the amount of coarse debris contributed to the streams 
draining it would be greatly decreased. The streams would then 
l>e in a condition to erode the dei)osits previously laid down, and 
to cut channels through them. Should a glacier then advance, it 
might override or plough into the deposits alK)ut its front, and 
thus still further assist in their removal. 

Owing to the rapid disintegration of rocks under the climatic 
conditions prevailing in southern Alaska, alluvial cones, more 
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iieiu'ly allied to those of arid regions than are the great boulder- 
washers just described, occur at the mouths of high-grade gorges 
wliich join broad canons, or valleys, but it is not desirable to con- 
sider these at present. 

The Application. 
From the ver^' clear description of the gravel deposits l>eneath 
the Muir glacier given by Mr. Gushing, as well as from my own 
hastv examination of them, T am inclined to think that thev are 
of the same nature as the boulder washer to which attention has 
been directed. In describing the gravels l)eneath Muir glacier 
Mr. Cushing says: — 

"The}' were deposited by swift currents. The material is all coarse, 
alternating beds of gravel and sani, the gravel largely predomlDating, 
and with little or no admixture of clay. Rapid alternations of horizontal 
and cross-bedding characterizo them. A considerable number of the 
pt'bibles In the gravel are derived from the eruptive rocks far to the 
north. They have their edges rounded but are much more angular than 
are st mes which have suffered attrition in water for any considerable 
length of time. Thoy have rather the aspect of somewhat water-worn 
glacial pebbles.* 

Other ijoints of close similarit}' between these gravels and the 
Ijoulder washes now forming, might be cited from the reports of 
rushing and Wright; but it is better, perhaps, that the reader 
who is interested in this discussion should consult the original 
4lescriptions. 

If we assume that Muir glacier former!}* retreated a few miles 
alM)ve its i)resent terminus, so as to allow forests to occupy the 
rejrion alK)Ut the head of (i lacier bav, and that from the extremitv 
of the retreating glacier a boulder wiish wjus spread out and in- 
vaded the forest, and shouUl the glacier then advance and over- 
ride the <lep()sit of lM)ulders and gravel, we should have an occur- 
rence similar in everv wav to what is now found at Muir inlet. 

That glaciers of great thickness may overrun unconsolidated 
gravels, without disturbing them, is no longer open to question. 
An occurrence of this nature on a much larger scale than at Muir 
inlet, may be seen along the southern margin of the Malaspina 
jrlacier. midwav lietween lev bav and Point Manbv, where the sea 
Jjad encroached up(»n the glacier and for alK)Ut three miles ex- 
jMiNcd a blutr of ice some three hundred feet high, resting on an 



^ Amkkicax <Ieoi.<h;ist, Vol. s, |). 211>. 



undisturbed gnivel and l)oulder deposit. The Quaternary gla- 
ciers near Mono lake, California, are known to have done the 
same thing, as is plainly recorded in the gravel-lined troughs 
through which they flowed, and which still retain their original 
contour. 

A more careful studv of glaciers mav show that there is a ratio 
l>etween the grade of an ice stream and its rate of flow, which de- 
termines whether it shall erode or protect its hed, or permit of 
the accumulation of debris beneath the ice. 

The manuscript of this paper was forwarded in turn to Prof. G. 
Freilerick Wright, Prof. Harry Fielding Reid and Mr. H. P. 
(Wishing for criticism and suggestions. Their contributions to 
the iliscussion are given below: — 

CoNTRIBl TION BY ProK. (i. FrKDKRICK WrKUIT. 

Mr. Kussell having kindly permitted me to read his i)aper upon *The 
Origin of tho (iravel Deposits heneath the Muir Glacier, Alaska," and 
having asked me to add any suggestions which come to my own mind 
upon the suhj-ct. I wouhl say that his explanation of the origin of the 
phenomena seems to me exceedingly probable, and gives great relief to 
mv min<l. One fact which he has not mentioned which I had recorded 
(see Ice Age, p. 57) seems to agree perfectly with Mr. Husseirs observa- 
tions. On the west side of Muir glacier the gravel deposits which have 
covered the forests, an<l which are now in part overridden by the glacier, 
rise from 1(H) feet above sea-level at the southern termination of the de- 
posit, to more than JJOO feet in the vicinity of the present ice- front, which 
seems to be exactlv in accordance with Mr. RnsseH's theorv. 

This explanation furnished by Mr. Russell of the perplexing facts In 
Muir Inlet illustrates anew the complicated character of the forces 
in operation during both the advance and the retreat of a great glacier, 
and shows how competent a glacier is to account for most diverse classes 
of facts With such a cause in the field, we may well hesitate long be- 
fore concluding that we have exhausted its capacity or resorting to un- 
known causes for the explanation of our facts. 

Oberiin, Ohio, Nov. 10, 1891. 

C'oNTRIBrTION BV pROK. H.VRRV FlELIUN<i RkID. 

The explanation given hy Mr. Russell of the sand and gravel deposits 
on the shores of Muir inlet seems perfectly satisfactory. From Mr. 
Cushing's ohservations both lie and I were convinced that they were 
formed by running water. The gravels in Main valley and in the valley 
of the Dying glacier probahly have a similar origin; in these cases, how- 
ever, they sweep t|uite across th«^ floors of their respective valleys We 
often questioned whether the deposits on the two shores were ever con- 
necte<l, without finding any evidence pro or con. 



196 The American Geologist, Marcii, i-*:.* 

The gravels forming these d*- posits vary in size from sand to pieces 2l^ 
large as one's fist, rarely being much larger; so it is probable that the 
glacier is now somewhat more ex|;ended than when they were laid down, 
and that the upper end of the cone where larger and more angular rocks 
would be found, is still under the ice some distance higher up the valley. 
The highest part of the bluff overlooking the Inlet is about 150 feet 
above tide, and occurs about where the glacier ended at the time of 
Prof. Wright's visit in 1880 (see map in "Studies of Muir glacier," shortly 
to be published in the National! Gtogrnphic Mafjuzine.) According to 
Mr. Russell's idea thev should become his/her as we ascend the vallev; 
as a matter of fact they become lower, being almost at water level at the 
point where the ice-point stood in 1890. Hence if Mr. HusselTs explan 
ation is correct, and 1 think it very probably is, some 150 or 200 feet of 
gravel has been carried off from this point (and 8*ill more higher up the 
valley) since the former great retreat of the glacier. The angular rock> 
spread over the surface of these deposits were left there during th** 
present retreat of the ice. 

Charpentier was the first one, I tliink, to notice that glaciers will ride 
over gravels* It is a mistaken notion that sands and gravels do not form 
a solid bed. When prevented from yielding laterally, or, what amounts 
to the same thing, when in large amounts, they offer a remarkably firm 
support. In soft, marshy lands it is customary to make satisfactory 
foundations for buildings by driving in piles, withdniwing them, ami 
then filling the holes with sand. 

Glecehiml, Ohio, Nor. 'j:it!, 189 L 

CoNTRIBlTKiN BV Mr. H. P. CrsilIXCJ.t 

I have read your MS. with great interest. It clears up several doubtful 
points, but I must confess that the main difficulty under which I labored 
in endeavoring to interpret the phenomena does not seem to be helped. 
That the deposits were formed by overloaded sub-glacial streams wis 
clear to me. It was not clear, however, and is not yet, how the}- coulil 
be deposited in such a location. A glance at Heid's map accompanying 
my paper, will indicate what I mean. Muir inlet is narrow and deep, 
and its shores are precipitous mountain slopes, except for the narrow 
*\mce occupied by the gravels, which rest on an old forest soil. As 
stated in my paper, p. 221, sup| ose the ice to have retreated some few 
miles back, which is also recpiired in your explanation. As the ice re- 
treated, sea water would follow it, ceitainly for a considerable distance, 
leaving merely a narrow sloping shore between the water and the mount- 
ain slopes. How a stream couM run along such a shore for any distance 
and build up such a deposit, I cannot conceive. After running at the 

♦Essai sur les Glaciers, 1841, p. 72, foot note. 

+Mr. Cushing's letter was not intended for ])ublicatiou, but pernu>sioa 
was granted to use such portions of it as I thought l)est. The paragra| h* 
given above are all that relate ilirectly to the subject under discufsioo. 
and are presented with a few slight verbal changes. 
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most a very short distance, it seems to me that it must have turned its 
course into the sea. That is, of course, with tlie relative levels remain- 
ing as at present. That is what puzzles me. With Muir glacier retreat- 
ing, and some distance away from this spot, how is a stream of water 
from the glacier going to be able to reach it? That Muir glacier did so 
retreat, and long enough to allow a forest growth on the mountains all 
around its basin to take place, is certain from the evidence there. (See 
my paper p. 223.) I thought it more probable that these gravels were 
deposited during a pause in the advance of the glacier which followed 
the recession, and when it was near this spot, simply because I was un- 
able to conceive how otherwise streams could have reached this spot 
with their gravels. If this point is well taken the natural conclusicn 
would be that the conditions were in some way different from the pres- 
ent, and there being no evidence as to what that difference was, so far as 
I found, nothing remained but speculation. Moreover the deposit 
reaches its greatest hight where it rests against the mountain slopes, 
in one place 600 feet above the water. Again, as you can see from the 
plate accompanying my paper, where the glacier rests upon these depos- 
its they regularly decrease in hight as the ice inc easfS in thickness, 
showing a diminution in hight toward the north. This may be due to 
the ice over it, but I doubt it. 

This then is my main trouble ab;)Ut accepting your explanation. If 
Muir glacier should now retreat five miles, sea water, not forests, would 
occupy the large part of the territory deserted by the ice, and a long 
stream running along a narrow shore parallel to the coast line and 
building up a thick deposit thereon seems to me **agin Natur," as .J(»sh 
Billings would say. 

Mfmrhtii, Gt'i'inany^ Drr, 9, 1891. 

The main objection which Mr. Cushiiig urges seems to he that 
the gravels are found on the borders of Muir inlet, but are absent 
from the central i)ortion, where there is now deep water. If the 
explanation I have suggested is the correct one, we must suppose 
that the alluvial-fan spread out by tlie streams flowing from Muir 
glacier during its retreat, advanced southward and occupied the 
entire width of the vallev, and formed a delta when the sea level 
was reached. Only the marginal portions of this deposit are 
now exposed; the central jiortion. and most of the surface, as 
suggested by Prof. Reid, having been eroded away. The greater 
erosion along the axis of the valley nuiy have l»een due to the 
advance of the glacier which was capable of re-oix^ning the 
central part of the channel where tlie ice current was deepest 
and most rapid, while remnants of the interglacial gravels were 
left at the sides. 

W^ishington, D. C, Da. Jii. ISIU. 
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THK So-CALLKl) LATRENTIAN LIMESTONKS AT ST. JOHN, NEW 

BRUNSWICK. 

Wo are obliged to Prof. Matthew for stating concisely the evi- 
dence of the Archean age of the limestones which at St. John 
contain the newl}' discovered fossils mentioned in the Geologist 
for Jannarv, j). 55. We do not intend to take issue strongly with 
Prof. Matthew on a ([uestion pertaining to the geology of his own 
region. We only intended, in our note calling attention to the 
possible primordial age of the fossils he has described, to <lirect 
his attention to the lack of demonstration that they are of the age 
to which he has assigned them. Since he has taken the paius to 
question the validitv of our doubt, we will state more fnllv the 
several facts which form its basis: 

1 . The base of the Taconic (which here we use as ecpiivalent 
to primordial), is everywhere a quartzyte associated with a lime- 
stone. Tsuallv the limestone overlies, but in some cases it is in- 
terbedded with or blended with the siliceous rock, constituting a 
fine-grained cherty limestone. It is not necessary to mention all 
the localities where this is known to be the succession. In Ver- 
mont it embraces the (Jranular Quartz and the Winooski marble, 
followed l»v a series of reddish, tufaceous, siliceous sandstones 
and shales which are probably the remote effects of oceanic vol- 
canoes which broke out immediately after the deposition of the 
Winooski limestone. It is a desideratum to ascertain the stniti- 
graphic succession from the limestone to the chronologically over- 
IviuiT strata in the Vermont district, but further south Prof. Dana 
has traced the limestone (under the name of Stockbridge lirae- 
stoiH*) through Massachusetts and Connecticut to Courtlau<l, N. 
V. . where he found it upheaved and overwhelmed in the eruption 
of the Courtland gabbros. Intermediate |K)ints indicated that 
thev took on the aspect of crystalline rocks, and indeed that much 
of the •• Laurentian ' of western Massachusetts and Connecticut 
(in which to this <lay no fossils have lK»en found) is of the age, ex- 
artlv t)r nearlv. of these basal Taconic rocks. The mineral chon- 
drodite was considered diagnostic of the Laurentian age of this 
limotone. 

1 In Vermont eliaracteristic Taconic fossils have been found 
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by Mr. Wtilcott in this (luartzyte, and in nortliwostern New Ji»rst*v 
they have been found by Mr. Beeehcr in the same straUi asanri- 
ntfil nifh chnndrodite. These strata are unconformable ])elow the 
later series at Rutland, Vt. 

3. The Courtland (N. Y.), ^abbros are repeated, and of the 
same age, in the Adirondacks. They here broke out at the same 
ihite and buried these strata under immense floods of eruptive 
rook. As in Vermont and in eastern New York tliis liorizon is 
the great iron-bearing horizon of the region : but in northeastern 
New York an element is introihieed into the iron which is not 
found when there was no actual outtlow of l)asic rock, r/.:. , titanic 
ores alK)und, these being a characteristic native element of gabbro. 

4. It is onlv recently that the etfect of tliis earlv Taconic 
eruptive period has been located farther north, rh.^ in the St. 
Tiawrence vallev. Mr. Ells has carefullv described the so-called 
*'Quelx»c Series" of the Canadian geologists. lie lias found! the 
primordial |K)rtion of it to consist of two parts, r/:., a series of 
shales and sandstones, and a series of (piartzytes and limestone, 
till* latter series hcin*/ iinroufonnahlv IhIow thu fnrincr. This un- 
conformitv we take to mark the date of outbreak of the Adiron- 
dack and Courtland eruptives, and especially so as the rocks are 
said to contain large admixtures of volcanic materials, and as the 
lower strata are lithologicallv identical with those which ante- 
dated that outbreak in Vermont and New York. The red shales 
of the upper Sillery are the (itH>rgia shales and sandstones of Ver- 
mont. 

."). Without referring to intermediate localities, the strati- 
graph}' of which might be considered, in this review, of (juestion- 
able pur|)ort, we will mention only the succession in the North- 
west. In northern Wisconsin, according to Prof. Van Hise. not 
only are the basal rocks of the upper iron-bearing series (the Ta- 
conic) a cherty limestone and a (juartzyte, but tm * rosion int*rrnl^ 
introducing a distinct non-chronologic succession and an tmrou- 
/b/-miVy. separates them from the later .strata of what he has called 
Huronicm but which we consider the later Taconic. Although 
there is a belt of gabbro rocks at other points in Wisconsin their 
relation to this erosion interval and to this non-conformitv has not 
lK»en i)ointed out by the Wisconsin geologists. 

«». However, on the north side of lake Superior, where Prof. 
Matthew has descrilwd primordial fossils from the strata succee<l- 
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ing this great break, this relationship has not only been inferred, 
but the actual date of the gabbro flood has beoi established by 
ample field evidence, and there also the quartz3'te and the lime- 
stone (which latter however is almost wanting) are the only strata 
that are overwhelmed in the eruption. The Animikie black 
slates, which are abundantly interst ratified with eruptive mate- 
rials, mainly in the form of consolidated ash, making now various 
^'greenstones, 'into which the slates graduate, followed the date of 
this eruption and fade off upward into the red shales and sand-stones 
that have long been known as characteristic of the Cupriferous 
series. These red shales we consider the chronologic analogue of the 
Georgia formation of Vermont, and the upper Sillery at Quel>ec. 

7. The succession of geologic events and the order of stratifi- 
cation which have been worked out at 8t. John bv Prof. Mat- 
thew,, are, thanks to his statement of them, so nearly identical 
with what has been worked out in several places in the United 
States at the same geological horizon, that it seems the course of 
prudence to hesitate about continuing the old idea of the Lauren- 
tian age of those St. John limestones. The trend of evidence is 
toward i)lacing them at the bottom of the Taconic. Whether 
they should be included in the Cambrian depends on the limits 
and definition which may be given to that term. 

Below these so-called Laurentian limestones and quartzytes 
there is to be found, if the succession in New Brunswick is iden- 
tical with that in the Tnited States, a profound non-conformity. 
The older strata, the true Archean, are highly tilted, or vertical, 
and jiresent their edges abruptly against the non-conformable 
overlying beds. This erosion interval has been pronounced by 
Dr. Lawson the greatest in g(»ological history, and it is a datum 
of the first order for establishing, in North America, the base of 
the primordial .series, for primordial fossils have l>een found in 
several localities, but little al)ove this plane. 

IN .NKKl) <»K .VN KlUTOR. 

Far be it fn»m the Amkrkwn (iEouhmst to disparage any effort, 
however luimble. to spread the knowledge of any subject in the 
department in which it is itself engaged. With this ft*eling it 
welcomes to the field every new attempt to popularize the science 
of gi'ology and its companion study, mineralogy. But all who 
seek to accomplish this end should themselves Ije at least ac- 
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<|uainte(i with the rudiments of the science. Otherwise they will 
be only l)lind leaders of the blind and will meet the traditional 
fate of such leaders and such led. 

We take the following from the '^Mineralogists' Monthly" 
for January, 1892. As this periodical has reached its seventh 
volume we think it should have outgrown its childhood and be 
incapable of perpetrating such enormities and of misleading those 
among its readers who know no better than its editor. 

**ADioa^other8pecimen8 we observed a six-sided prism of quartz which 
we were told by its owner was in a plastic state when taken nut of 
the quarry. This gentleman showed us the portion of the prism he had 
<*ut off before the crystal hardened which it did very soon after being 
exposed to the air." 

"We (the contributors of the note) are not sufficiently versed in the 
mysteries of mineralogy to be able to say positively whether a quartz 
crystal, however pure or impure, can be dissolved or made plastic by the 
action of strong acids except the powerful hydro-fluoric." 

Again we read: 

"A Passaic stone-cutter has a curiosity, a petrified rat, found in a block 
of brown stone. While preparing a six-foot block his chisel sank into a 
cavity The workmen thought it strange and laughingly advised him to 
examine it, suggesting that it might contain a diamond or a nugget of 
gold. He peered into the hole and was astonished on finding a petrified 
animal resembling a rat. Every part was well preserved. Experts are 
sure that it is a rat. The little creature*s anatomy had remained perfect 
for all the period since the formation of the stone. Every claw, tooth 
and vertebra was present and well preserved. The skin had lost its hair 
and time had dried the form slightly but petrifaction had preserved it 
in its dark prison." 

The stone-cutter's astonishment was justifiable, but there is 
cause for greater astonishment in the fact that at the present day 
an editor of a so-called scientific magazine can be found who 
is willing to publish such stuff. All editors get more or less of 
this sort of rubbish and while these stories may pay in a sensa- 
tional newspaper they are utterly out of place, not to say dis- 
graceful, in the columns of the cheapest scientific journal. Of 
what value is an editor if not to winnow out such chaff from the 
w^heat? It is fair to presume that in this case the editor knows 
more than would be inferred from the extracts given al)ove. 
Otherwise he w^ould scarcely assume the position of conductor of 
the ''Mineralogists' Monthly.** But if he desires success in the 
field on which he has entered we counsel him to aim at a higher 
standard and to l>e more critical over the matter that he chooses 
for insertion. Othenvise even at fifty cents a year his periodical 
will ''take in' rather than ''be taken in. * 
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REVIEW OF RECE:N'T GEOLOGICAL 

LITERATURE. 



The three following papers are extracts from the Tenth Annual He- 
port of the New York State Geologist, 1891. 

1. Notes on the ytmm AridaspiHj 13 pp., 3 plates. By J. M. Clarke. 
In his re vis' on ol AcidaspU and related genera the author adopts a rela- 
tion towards the earlier work of paleontologists which it is to be hoi»e<l 
will be more generally followed. '*To ascertain as far as possible from 
the descriptions by earlier writers, their intentions. The original diag- 
nosis may have been brief, all too brief to satisfy the present require- 
ments of our science, their illustrations insufticient or faulty, but it will 
not sultice to reject a name upon these grounds alone. *Too imperfectly 
described to be identified,' is a decree which often veils an unbecominL' 
aspiration after immortality unrelieved by an abiding conviction of the 
necessity and justice of making every effort to establish the results of 
another's investigations." 

Cet'ufocephala, Warder, is retained and defined. Barrande objected to 
the use of this name on the ground that a very similar name had been pro- 
posed earlier by de Candolle, CemtocepJudus. ** For us, however, the ex- 
istence of de Caudolle's term does not in the least affect the value of that 
of Warder, as the two words are different." In this connection we will 
restate a pertinent question recently raised in an editorial on " preoccu- 
pied names,"in the Ameriaiu NatuiudUt for July, 1891: " If a differenc«» 
of two letters is not enough to preserve two names, it becomes a question 
how many letters will constitute diversity, and so on. * * * The fact 
is the changing of a name which differs by a single letter from another 
name has no warrant in any rule or in common sense." 

The autlior then gives the history of a number of related generic 
names whidi have more or less fallen into disrepute but are shown to 
have a sub-generic value, (.'trutotxphidn is divisible into two sections; 
the first with d) Odontoideum, Emmerich. (2) AeiddHpiSy Murchison (syo. 
Aonttholom<iy Corda), {}\) Cevatocephula^ Warder (syn. Trapelocera, Corda), 
and (4) />/V/v//*'/r;/«, Conrad; the second section with Sfhnopelt is ^ Cov^a 
(syn. Poh/rrtM, Uonault). A new sub-genus, Auryropyt/e^ is established on 
At'id«n*piH romiiujeri Hall, with the generic relation nearest to Ctrttto- 
rtphnfit. 

The North American species of which sufiicient is known for sub-gen- 
eric classification are arranged thus: CtratonphnUi^ Warder sensu 
stricto: C. goniata Warder (syn. Ai'i'daajnn dnnai Hall, A. ida Winchell 
and Marcy). Acidti»pi*^ Murchison: A. ((ur/iorah's Miller=?? ^1. ctmUptu 
Anthony, A. TuhtrcidatuH Conrad. Odontoplrura, Emmerich: O.trtnUm- 
tfiMiH Hall, sp., 0. parrulii Walcott, sp., 0. h(dli Shumard, sp., 0. rroagota 
(Locke?) Meek, sp., 0. o'nndli Miller, sp.,0.'>;Vf>/i* Foerste, sp , 0. ''alltrtm 
Hall, sp. ,/>/>;•«« '//•»/.* Conrad with hamatus Conrad. '\iicyi''*pyu*\ Clarke 
with nunint/tri. 
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2. ObsercatiofiM on t?u l^eraOufpiH grandis llall^ the Uirgeat knovcn trihf- 
hitf^ pp. 6 and one folding plate. By J. M. (>lakkk. 

This valuable paper contains measurements of all of the larger trilo- 
bites known. We learn that with the middle primordial fauna some of 
the largest species of trilohites have their appearance; Parafiojiiirx with 
a length of eighteen inches. The author mentions a number of very 
large Silurian and Devonian species of various genera. A large plate is 
devoted to a well-executed outline drawing of a restoration of Tenitdxpu 
ffrandt's, a species occurring in the Lower Devonian of New York and 
Canada. This restoration measures nearly twenty inches in length. If 
however, the largest cephalon yet discovered of this species were taken 
a9 the basis of a restoration the author says it **would represent an indi- 
vidual fully 24 inches in 1-ngth, a size unsurpassed and une<iualed by 
any other known trilobite." 

"With this extravagant armor of defense and aggression, Tentt^spiH 
f/randiM must have been easily lord of his invertebrate domain and no 
very palatable morsel for the heavily plated tishes of his day." 

3. Note on (Joronura iispertauM Counid {»[).)yfhf Asfiphus diurui^ (rreen. 
pp. 7, 1 plate. By J. M. Clark k. 

The New York State Museum of Natural Ilistorv has recentlv obtained 
an entire individual of Anaphax aspectans Conrad, measuring o'^ inches 
in length. This specimen proves conclusively that Dalmfinvi hdnia Hall, 
Dabnania ohioeiniis Meek and AsujthnA ttspfctant* Conrad, are one and the 
same species. The auther believes, however, that this species was de- 
scribed two years earlier than Conrad's by Dr. (treen as Aaaphtu* diuriis* 
This species will therefore be known as Cor^nura dinra Green, sp. 

Correhition Papers, Combrinn. Bulletin No. 81, of the U. S. (Geological 
Survey. C. D. Waixott. 8vo, 447 pp., Washington, 1891. 

The second of the ''Correlation Papers," is i)ased upon an ent'rely dif- 
ferent plan from its predecessor (No. 80, Devonion and Carboniferous). 
At the outset it is stated to be an * unfinished memoir." It is not a cor- 
relation essay in the strict sense of the terni, but **an account of the pres- 
ent knowledge" of the Cambrian group. It is largely historical in its 
method, and the references to papers treating of the subject are very full 
and complete. This is shown by a list of i^'^T^ papers which are referred 
to in the course of the bulletin. The historical review of the literature 
(XJcupies 187 pages. This is followed by a chapter on nomenclature, and 
this in turn by one giving a summary of the present knowledge of the 
formations. Problems for investigation, and the criteria and principles 
used by authors in the correlation of the parts of the group, close the 
volume. The Olenellus fauna is considered to mark the base of the 
group and the Dikelocephalus fauna the summit. This delimitation is 
based on the principles enunciated by Lapworth that a great geological 
group rests on the zoological features of its fauna and not on a local 
strati graphical break; that the most reliable chronological scale in ireol- 
ogy is that of zoological change; and that the duration and importance 
of any system in geology are in proportion to the magnitude and dis- 
tinctness of its fauna. 
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temporarj' with, tlie greatest extPQsion (if tlieglaciiTsof theGlariHleixjch. 
The author believes tliat the jrreat weight of the accumiilatpil ice caiiBeil 
a slokia); of the earth's crust, and that such ainkluK had its conii>leiiirnt 
ID the contemporary rising of other Mean nearly footipuoiis, or i>erhapg 
more remute, ciuisiui; traotures, taolts, volcanoes, laceolites ai.il eli'vatini 

Mr. I'pliaiii also Icaces a relation between the j^reat ancieDt labe^ 
(Bonneville and I^hontan) and the glacial lieriod. The tint Hooded 
stage lie considers was contemporary with the second glacial epoeh, and 
the second high stage was due lo a thinl epoch of glaciatloii in the 
Dorthern pari of the Ccirdllleraii region. 

These oroircHic movements, so ealled liy (Jilbert unil White, areio l>e 
distinguished from the epirngenic, which coiisist of slower and iirAnder 
elevations ot large contiuenlal areas. The iiue<|nal ilentidatlon;' <<f these 
largefareas result in the carving out of mountains which coDMitiitc Mr. 
t'phani'if sixth cImbh- "enided mountain ranges." Such are the Crazy 
mountains in Montana, and thi' IIi.i;hwi<oa mountains, iwenty-iive mile's 
■■ast of (Jreiit Falls. Turtle mountain, Penil.ina mountain. Hiding. Duck 
and Porcu|>ine hills in North Dakota, illustrate this structure. This 
epirogenic mnvi'menl also look place at the close of the t'relaceiius. ot 
early In the Eocene. ' Indeed, the "Tertiary era seems to have lieen ter- 
minated, and the (Quaternary iixliered In, liy n new epirogenic. diReren- 
tial uplifting of this continent, causing the accumulation of tlie ii'C-iiheet 
of the lirst <;laciiil «po<-h." • * * -Tliere have been two epmhs pre- 
etuinuDtly distiniiuishcd by extensive mountain jdication. one occurring 
at the close of the Paleoxuii- era. and another progrei<sing through the 
Tertiary and culminating at the beginning of the <lnatemar\' em. intro- 
ducing the ice aire." * * i "With thf culminations of both «X these 
great epochs of miiunlain building, so widely separated by tlie Meso7.oi<' 
and Tertiary eras, gtacialiun has been remarkably associated, and indeeii 
the ice accumulation appears to have been causeil by the epirogenic and 
orogenic uplifts of continental idateaiis and mountain ranges." 

Within tlie scope of thi' paper Ihe author has gathered nio^it of the 
collati'ral American data derived fri>ni a study of mountiHna, which go to 
ilhistrale, if not to demi)ii»trnte, his theory of the cause of the glacial 
epoch, \i/.., continental elevation. 

Oentral Account of t/ie Fi-etli-UHiter Marattet of Uu VniUd Slalei, aith a 
dtteription of the Dittntl Sifimp DinlrirC if Virginia and North Carolina, 
Hy NATiUMKT.SotTin.ATK SuAi.Kii.. pp. S.Vi-3:W| with plates vl-.\lx, and 
:17 figures in the text. (Accnnpanying the Tenth Annual lieport of the 
Director of tlic I". S, (Jeol. Survey.] 

The Hwamp lands capable of drainage and use for agriculture In Ihe 
I'nited States, east of the Cordilleran mountain belt, are estimated to 
comprise i-omewhat more than 1IHJ,00(I Bi|nare miles. I'rofeBSor Shaler 
atatea that fnlly one liftli of tlie mo-it fertile lields in (ireat Britain and 
IrcUnd, also large tracts in northern (lermany and in the valley ot the 
Po, have been won in such bog dlsiricta; and he believes that the ag::re- 
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' rirh farming lan<l:< of (Ihin, loiliaDU and MllnolH 
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From the Jnilentationsof the shore a' 
le most notable being the Chfcsapeake and Del- 
le tributary B'reams have built no delta <lep«f- 
appearsthat the continent hai> lately been much 
Irrreiiily has nuderaoae eiilisiileacu. 
Jy jJt''*'- anv birms, a« [wat mosses, forests and their uniler 
■ ■ - ■ igfive!' of the southern coast, have been very elliclent 

ntie "t lands having only slight siojies, thus pro<lucin)! 
ling tbeir area. The surface of the Dismal swamp 
rd il:> Ijiirilersat an average rate of almut twenty inches 
i' extending itself into the thalhin- lake Druni- 
.if the swamp. 
n bich have yielded twenty-nine species of marine 
thii t. underlie the Uismal Swamp district, and are 
iiwpiliferous Pieistocene samls. The Nanseniond 
■■ -!■* in the upper sands wlien the district for Home 
iiimut thirty feet niore than now, extends from 
iiiih to Albemarle sound, and forms the west Iwrder 
Thecbanges of relative elevation thus indicated, 
* *"y',^/*/" y*^.|>iiiiMll ii-ciilationB preceding ami following it, ot which 
Mi«^^- 'i pikience, are regarded as not improbably r-ferahie 

fhlf tly to ibe ■'iRict rif iei' attraction upon the sea, and to the suhtraciion 
of Ita water to form ice-sbeets, during the epochs of glaclation of the 
northern part of this continent and of Europe. 

Tht PeaekM Iran bearing HerUt if Michigan and Wi'Contin, Hy 
Rw.ANU DcER Irvino and Cii.iulks ItiniAnii Van Hisk, pp. ,'Ml .'>0T; 
vitb plates xX'Xlii, and rive Dgures in the text. (Accompanying the 
Tenth Annual Report, V. S. Geo], Survey.) 

This ia an abstract of a mouograiih by these authors, which Is now in 
press and will soon be published. A l>elt a few miles wide and about 
eighty miles long, extending from lake (iogebic, in Ibe upper peninsula 
of Michigan, westward to lake Numakagon, in northern Wisconsin, is 
elaborately described; and the origin and relations of its n>ck formations 
and of its large deposits of hematite, recently opened by extensive mining'- 
operations, are dlscussei) at length. Owing to the lamented death of the 
senior author after this work was far advanced. Its preparation for pub- 
lication has been chiefly done by his associate ami su<:cessor in charge 
of the Lake Supeiior division of the survey. 

The I'enokee series, occupying a width that laries from a i|uarler of 



■iar. 
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temporary with, the greatest extension of the glaciers of the Glacial eix>ch. 
The author believes that the great weight of the accmmilated ice caiise<l 
a sinking of the earth's crust, and that such sinking had its conipleiiif nt 
in the contemporary rising of other areas nearly contiguous, or perhaps* 
more remote, causing fractures, faults, volcanoes, laccolites and elevated 
domes. 

Mr. Uphani also traces a relation between the great ancient lakes 
(Bonneville and Lahontan) and the glacial i)eriod. The fir!»t Hooded 
stage he considers was contemporary with the second glacial epoch, and 
the second high stage was <lue to a third epoch of glaciation in the 
northern part of the Cordilleran region. 

These orogcuic movements, so called by (iilbcrt and White, are to l»e 
distinguished from the epirogenic, which consist of slower and grau<ier 
elevations of large continental areas. The unequal denudati<)n> of these 
larger areas result in the carving out of mountains which constitut*' Mr. 
rpham's sixth class- '*eroded mountain ranges." Sucli are the Crazy 
mountains in Montana, and the Highwood mountains, twentv-five miles 
east of Great Falls. Turtle moimtain, Peml)ina mountain, Hiding. Duck 
and Porcupine hills in North Dakota, illustrate this structure. This 
epirogenic movement also took place at the close of the Cretaceous, or 
early in the Kocene. ' Indeed, the ^'Tertiary era seems to have been ter- 
minated, and the Quaternary usliered in, by a new epirogenic differen 
tial uplifting of this continent, causing the accumulation of the ice-slieet 
of the first Glacial epoch.'' * ♦ * "There have be(Mi two epo<hs pre- 
eminently distinguished by extensive mountain ]»lication, one occurring 
at the close of the Paleo/.oi<* era. an<i another progressing through the 
Tertiary and culminating at the beginning of the Quaternary era, intro- 
ducing the ice age.'' * * 5^ "With the culminations of both of these 
great epochs of mountain building, so widely separated by the M**sozoi<- 
and Tertiary eras, glaciation has been renuirka])ly associated, and indce«l 
the ice accumulation appears to have been caused by the epirogenic and 
orogenic uplifts of continental plateaus and mountain ranges." 

Within the scope of the paper the author has gathered most of the 
collateral American data derived fn>m a studvof mountains, which iro to 
illustrate, if not to demonstrate, his theory of the cause of the glacial 
epoch, viz., continental elevation. 

General Account of the Fresh-water Morassee of the United States, with a 
description of the Dismal Swamp District of Virginia and North Carolina. 
By NatuamklSoutikj-vte Shalkk., pp. 2.')5-8:V,); with plates vi-xix, and 
'M figures in the text. (Accompanying the Tenth Annual Report of the 
Director of the U. »S. Geol. Survey.) 

The swamp lands capable of drainage and use for agriculture in the 
I'nited States, east of the Cordilleran mountain belt, are estimated to 
comprise somewhat more than I()0,00() sipiare miles. Professor Shab-r 
states that fully one fifth of the most fertile fields in (ireat Britain and 
Ireland, also large tracts in northern Germany and in the valley of the 
Po, have been won in such bog districts: and he believes that the acirre- 
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gate valiif of these now ioimdated areas in the eastern half of our country 
when drained and brought under cultivation, will be not less than that 
of all the present rich farming lands of Ohio, Indiana and Illinois 
together. 

The processes of formation of the delta swamps of the Mississippi valley 
from the Ohio river to the gulf of Mexico are admirably described. This 
great river is remarkable in being the only one on our continent that has 
formed a delta filling the inlet of the sea at its mouth and projecting 
l>eyond the general coast line. From the indentations of the shore at the 
mouth)* of other rivers, the most notable being the Chesapeake and Del- 
aware bays, into which the tributary streams have built no delta depos- 
its above the sea level, it appears that the continent has lately been much 
elevated and more recently has undergone subsidence. 

Vi'getation in many forms, as peat mosses, forests and their under 
brush, and the mangroves of the southern coast, have been very efficient 
to retard the drainage of lands having only slight slopes, thus producing 
swamps and extending their area. The surface of the Dismal swamp 
has a tlescent toward its borders at an average rate of about twenty inches 
per mil#», and the forest is extending itself into the shallow lake Drum- 
mond in the central part of the swamp. 

Pliocene sand beds, which have yielded twenty-nine species of marine 
shells, Hve of them extinct, underlie the Dismal Swamp district, and are 
thinly covered by unfossiliferous Pleistocene sands. The Nansemond 
escarpment, cut by the sea in the upper sands when the district for some 
time was submerged about thirty feet more than now, extends from 
Suffolk, in Virginia, south to Albemarle sound, and forms the west border 
of the Dismal swamp. The changes of relative elevation thus indicated, 
and several other small oscillations preceding and following it, of which 
the region affords evidence, are regarded as not improbably r»*ferable 
chiefly to the effect of ice attraction upon the sea, and to the subtraction 
of its water to form ice-sheets, during the epochs of glaciation of the 
northern part of this continent and of Europe. 

The Penokee Iron bearing Series of Michigan and Winconsin. By 
Roi.ANi) DiER luviNG and Ciiaulks IticiiAiU) Van Hise, pp. 341 507; 
with plates xx-xlii, and tive figures in the text. (Accompanying the 
Tenth Annual Report, I'. 8. Geol. Survey.) 

This is an abstract of a monograph by these authors, which is now in 
press and will soon be published. A belt a few miles wide and about 
eighty miles long, extending from lake Gogebic, in the upper peninsula 
of Michigan, westward to lake Numakagou, in northern Wisconsin, is 
elaborately described; and the origin and relations of its rock formations 
and of its large deposits of hematite, recently opened by extensive mininjr 
operations, are discussed at length. Owing to the lamented death of the 
«euior author after this work was far advanced, its preparation for pub- 
lication has been chieHv done bv his associate and successor in chartje 
of the Lake Supeiior division of the surve}'. 

The Penokee series, occupying a width that varies from a quarter of 
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a mile to about three miles, is underlain on the south by a complex 
groupofgranitep, gneisses, and schists of Anhican age, and is overlain on 
the north by the interbedded eruptive and fragmental rocks of the 
Keweenawau series, the whole section having a steep northward dip. 
The Peuokee and Keweenawan series are classed together as l>elonging 
to the recently named Algonkian period, between the Archjvao or Lau- 
rentian and the Cambrian or Taconic, nearly ecpiivalent to the Huronian 
period of the Canadian geologists. 

A cherty limestone, attaining a maximum thickness of 300 feet, is the 
lowest member of the Iron-bearing series in the Penokee r**gion. 
Whet er it was originally of chemical or organic origin is undetermined, 
but it gives no evidence of having been fragmental. 

The next member, called quartz slate, is a detrital formation, averag- 
ing about 450 feet thick. 

Upon this rests the iron-bearing member, in which all the known ore 
bodies oc cur. It is mainly about 850 feet thick, and consists of slaty and 
often cherty iron carbonate, ferruginous slates and cherts, and actinolitic 
and magnetitic slates. All these rocks are believed to have had a 
chemical or organic origin, none being accumulated as mechanical 
detritus. The ores are soft, red, somewhat hydrated hematite, derived 
by concentration from the lean carbonates of the formation through the 
action of infiltrating surface waters during or after the uplifting and 
partial erosion of the series. 

Succeeding next above these strata is the upper slate member, the 
highest of the series, which in places is several times as thick as the 
three lower members combined. It is a slate or mica schist, chiefly 
composed of quartz and feldspar, and thin sections usually reveal its 
fragmental character. 

The four divisions are conformable with each other through all their 
extent. Many dikes of diabase, varying from a few inches to ninety feet 
in width, intersect the series, which also in some portions contains 
interbedded sheets of diabase, apparently intrusions rather than over- 
flows. 

EleiiH'utH of Cryttlallofjrophy^ by Geo. H. Williams, Ph. D. Second 
edition. New York. Henry Holt & Co. 1891. 

1 he appearance of a second edition of the "Elements of Crystallo- 
graphy" so soon after the issue of the flrst, is the best proof of the nee<l 
which has existed for such a book. Hitherto there has been no satisfac- 
tory' exposition in the English language of elementary crystallography, 
if we except, perliaps, Bauerman's "Nv«/*'w#^/> .V/«/ ra/m/y/' which has 
not met with favorable acceptance in this country, aad which in some of 
its features is objectionable as a book for beginners. With the growth 
of the science of mineralogy, particularly on its physical side, with the 
increasing interest among chemists in the relations between chemi- 
cal properties and crystal lographic form and with the rapid modem de- 
velopment of petrography as one of the most importiant departments of 
ge()h»gical science, there has sprung up in these various departments of 
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instruction a very urgent demand for an elementary text book of crys- 
tallography. That Prof. Williams^ book meets this demand will be con- 
ceded by the great majority of teachers and students of the subject. 

Apart from its practical aspects as an essential auxiliary to the study 
of mineralogy, petrography, chemistry and physics, crystallography has 
an important place in any thorough educational scheme as affording 
probably the best insight into the symmetry of natural forms ; and in itH 
philosophical suggestiveness as to the constitution of the universe, the 
study is entirely comparable to the study of elementaiy astronomy, the 
laws with which the student becomes familiar in both subjects being 
alike mathematically rigid and yet extremely simple. 

For many reasons, therefore, it seems probable that the study of crys- 
tallography will in future play a more important role in American col- 
lege and university curricula than has been its fate in the past, and we 
therefore welcome gladly this clear and concise treatment of the elemen- 
tary principles of the subject as a vigorous step in that direction. 

The book is not entirely above adverse criticism, but its shortcomings 
are few when compared with its many good qualities. The considera- 
tion of the theoretical possibilities as to the mode of molecular arrange- 
ment in cr}'stal8, which meets one in the opening chapter, might with 
advantage to the student if not to the book, have been postponed till the 
concrete actualities of the subject had been discussed. The numerous 
cuts throughout the book are well executed^ and the two plates, one of 
limiting forms and the other of combinations in the isometric system, 
are all that could be desired. Prof. Williams is to be congratulated on 
the success of his book and of his efforts to present to American stu- 
dents in simple form a department of science whose proper treatment 
has up to the present been found only in the elaborate works of the 
(terman authors. 

Systfinatic MineraUtgy^ bastd on a natural classification. Thomas 
Sterrv Hunt. 8vo, 391 pp. The Scientific Publishing Company, New 
York. 1891. 

No student of mineralog}' can pass beyond the stage of the novice with- 
out becoming painfully aware of the loose, if not chaotic, condition of its 
systematic nomenclature. The most trivial circumstance or quality h s 
often been exalted above the fundamental principles of chemical compc- 
sition in assigning a mineral species a name or a place in classification. In 
the infancy of the science it was necessary to apply such designations, but 
as these became often synonyms, or as they were multiplied through the 
labors of many investigatois, it became apparent that some system of 
classification and elimination must be chosen. Ti ere sprung up two 
rival schemes, known as the "natural history" method and the "chemi 
cal" method. Werner, Mohs, Jameson, Breithaupt, Shepard, and, at 
first, Dana, employed the natural history method, and Berzelius, Clarke, 
Cleaveland, Phillips, Hammelsberg, and at last Dana, and nearly all later 
authorities, employed the chemical method. The former ignored chem- 
istry, and the latter ignored the physical characters, speaking broadly,. 
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an<l they were therefore at once, and continoally, in antagonism. Mean- 
time, as a common ground, on which they could compromise, the con- 
testants, by the necessity of intelligent discussion, fell mutually Into the 
practice of using ^Hriviar* names for all mineral species, and as time 
elapsed these names have become, at this day, the only ones in use. The 
chemical classitication, though not having nny acceptable nomenclature 
based on it, has been strengthened by continual advance in the knowl- 
edire of the chemical composition of minerals, and in the philosophy of 
chemical combinations, until it is not too much to say that not any living 
author of systematic mineralogy, however strongly he may insist on 
physical characters, but discusses and depends largely on the composi- 
tion of minerals for the ultimate determination of their places in his 
scheme. In nomenclature, however, there has been little or no change. 
It is Dr. Hunt's task to show that physical characters are but the ex- 
pression of chemical characters, and that the}^ cannot be divorced, and 
that a 'natural classification" must take cognizance of both. He has 
l)resented therefore a system which is both n-itur'il and cJtfmiral^ and has 
covered it with a binomial Latin nomenclature which divides all the 
known minerals into classes, orders, genera and species. The (Masses 
and orders are determined essentially on chemical grounds. The genera 
are arranged from physical difference and resemblances, and the further 
detlnition of the species is the work of chemistry. All the mineral 
species are divided into four classes — Metallacejc, Halidacea-, Oxydacea* 
and Pyrocaustaceu*. Order IV, in the class Metal lacea*, is thus com- 
posed : 

OrtlerlV. PYRITINEA. 

(ieilll*' I. PVUITKH, 

Metallic sulphides //> 5. c <.') 

1. Pyrltfi* rutheneu- Ltiuritc. 

'i. ' " vnlirari?* Pyrlte. 

:J. '• ^e<•UIulll^• Murcamto. 

I. " colMltHiiM LiniiH'it**. 



•I 



iii(-col«>n8 Siecenite. 

♦i. " cllpr«>oolmlteu^ Carrol lit**. 

T. '* chroiiiiruH I)aiibr«H>lite. 

The work, with its jiccompanyinir discussions of chemical philosophy 
and mineral physiology, is the culminating result of a life-long study. 
We consider it Dr. HuiitV /•//'/ (V iturrr, and the most important addition 
which American authors have made to the science of mineralogy. Dr. 
Dana^s great volume, St/:ttr/ii of Miiuraloyy^ is a vast compilation, ar- 
ranged under a loose chemical classification, but makes no attempt to 
justify its philosophy— if it may be said to have any. On the contrarj'^ 
Dr. Hunt's work marks an epoch in the science, as it discusses from new 
standpoints and readjusts, in accordance with the latest chemical philos- 
ophy, all the discordant material, and establishes a fundamental skeleton 
on which the future may build a symmetrical structure in mineralogy'. 
It seems to answer to mineralogy as the classification (»f Linmvus does 
to botanv. 

iitiitle in UaHiiiioi'f^ trith an Arrounf of tht GeoJoijy of itn Enrirorm. 
<JKOK<iE H. WiLijAMs. Prepared for the American Institute of Mininsr 
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Engineers, Baltimore meeting, Februar>% 1892, 12mo, cloth, pp. 139. 
Issued by the Local Committee. 

Besides the usual announcements and descriptious of the institutions 
of the city this volume contains a concise account of the geology of Bal- 
timore and its vicinity, >vith two geological maps, based on excellent 
contoured maps by the U. 8. Geological survey (** Baltimore sheet"). The 
crystalline rocks are described by Dr. Williams, and the physiography 
of the origin and geology of the sedimentary rocks by N. H. Darton. It 
makes a very useful and valuable compend for the general student of 
the region. 

Description of a neti) aperies of Fanenka from the Corniftrous Limentone 
of Ontario, by J. F. Whiteave8.— {Can. Rec. Sci. Vol. IV, No. 8, Oct, 
1891. pp. 401-404, with plate.) 

Panenhi grandiSj the species descril)ed was collected at St Mary*s, 
Ontario. The specimen figured is six inches and four-tenths in length, 
and four inches and two-tenths in hight 

Xotf on Uui Ocrurrencr of Pavrinpiral Operrnla of (ranteropofla iu the 
frfwlph For/nation of Ontario, by J. F.Wiiitkavks. (Can. liec. Sci. Vol. 
IV No. 8, Oct 1891. pp. 404 407.) 

A specimen figured has a length of 20 mm. and a breadth of lU inao. 
They resemble the opercula of Litorina and Natica, and the conjecture 
is hazarded that they may belong to Holopea gracia or H. harmouia, of 
BilUngs. 

S^K^t Note4t on some Canndian Minerals, by W. F. Feiirieu. (Can. Itec. 
Sci.Vol. IV, No. 8, Oct., 1891. pp. 472-476, with plate.) 

The minerals noted are nntice arsenic from near Thunder bay, lake 
Superior, molybdenite from Labador; sphalerite or blende, from Bauce 
Co., Quebec; particularly fine crystals of />j^riY^; //«ir^t7<^ from Lanark 
Co., Ontario; kermesite from Haut Co., Nova Scotia; qivartz crystals 
with concave faces; black spinel from Ottawa Co., Quebec; anhydrite 
and gypsum from the Laurentian crystalline limestone of Lanark Co., 
Ontario. 

RECENT PUBLICATXONS. 



/. State and Oorernnunt BeportK. 
The following bulletins of the United States Geological Survey have 
recently been issued: No. 62: The Greenstone-Schist Areas of the 
Menominee and Marquette Kegions of Michigan, by G. II. Williiuns; 
No. 65: Stratigraphy of the Bituminous Coal Field in Pennsylvania, 
Ohio, and West Virginia, by I. C. White; No. 67: The Relations of the 
Traps of the Newark System in the New Jersey Region, by N. H. Dar- 
ton; No. 68: Earthquakes in California in 1889, by J. K. Keeler: No. 69: 
A Clasfted and Annotated Bibliography of Fossil Insects, by S. H. Scud- 
der; No. 70: Report on Astronomical Work of 1889 and 1890, by R. S. 
Woodward; No. 71: Index to the Known Fossil Insects of the World, 
inclading Myriapod« and Arachnids, by S. H. Scudder; No, 72; Altitudes 
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between lake Superior and the Rocky mountains, by Warren Uphani; 
No. 73: The Viscosity of Solids, by Carl Barus; No. 74: The Minerals of 
North Carolina, by F. A. Genth; No. 75: Kecord of North American 
Geology for 1887 to 1889, inclusive, by N. H. Darton: No. 76: A Dic- 
tionary of Altitudes in the United States, by Uenry Gannett: No. 77: 
The Texan Permian and its Mesozoic Types of Fossils, by C. A. Wliite; 
No. 78: Report of the Work done in the Division of Chemistry anil 
Physics, mainly during the fiscal year 1889-'90, by F. W. Clarke; No. 79: 
A late Volcanic Eruption in Northern California and its peculiar Lava, 
by J. S. Diller; No. 80: Correlation papers - Devonian and Carboniferous, 
by II. S. Williams; No. 81: Correlation papers— Cambrian, by C D. Wal- 
cott; No. 82: Correlation papers — Cretaceous, by C. A. White. 

Explorations in Newfoundland and Labrador in 1887, made in connec- 
tion with the cruise of the V. 8. Fish Commission schooner Grampus, by 
F. A. Lucas. From Report of U. 8. National Museum, 1888-89. Wash- 
ington, 1891. 

Preliminary Handbook of the Department of Geology of the U. S, Na- 
tional Museum, by G. P. Merrill. From Report of U. S. Nat. Mus., 1888- 
89. Washington, 1891. 

Preliminary Report on the Coal Deposits of Missouri, by ArthurWins- 
low. Published by the Geological Survey of Missouri. Jefferson City, 1891. 

Report on the Geology and Mineral Resources of the central mineral 
region of Texas, by Theo. B. Comstock. From Second Ann. Rep of Ge- 
ological Survey of Texas. Austin, 1891. 

Annual Report of the Geological Sur\'ey of Arkansas for 1890, Vol. il. 
The Igneous Rocks of Arkansas, by J. Francis Williams. 

Preliminary Report on the Utilization of Lignite, by E. T. Dumble, 
State Geologist of Texas 

(Geological Survey of Kentucky. Report on the (teology of parts of 
Jackson and Rockcastle counties, by Geo. M. Sullivan. 

Geological Survey of Alabama. Report on the Coal Measures of the 
Plateau Region of Alabama, by Henry McCalley, including a Re|>ort on 
the Coal Measures of Blount county, by A. M Gibson. 

(Geological Survey of Canada. Contributions to Canadian Micro-Pal- 
ii'ontology. Part III, by T. Rupert Jones. 

I'nlted States Geological Survey. Tenth Annual Report. Part 1, 
Geology. Part 2, Irrigation. 

Report on an Additional Water Supply for the city of Rockford, 111., by 
J. T. Fanning, D. C. Dunlap and I). W. Mead. 
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Ark tiik Eo/.oonai. Limkstonks at St. John, New Biutnswk k, Puk- 
CAMiniiAN'r — In an editorial ref«Tenc<« to Eo/.oon and th<» pre-C^ambrian 
fossils of St. Joliii, yon appear to imply Ji doubt as to the pre Cambrian 
ag«»of Ihe latter; or ut least that this may be an alternative with somi* 
who may adn)it the organic origin of the former: adding that other 



Uinestoiies iu the United »State8 Tor which ii Laurcutiau age had been 
claimed, had, on further examination, been found to be i)rimordial 
[ t. e., Cambrian]. 

This, I think, can hardly be the case witli the St. John limestones. 
The earthy (cryptocrystalline) condition of some of these limestooes 
is apt to mislead those who expect to find Laurentian limestones (or 
perhaps I should say pre-Cambrian limestones) always coarsely crys- 
talline. Hence Sir Wm. Logan, when he came here (about 1870) fresh 
from the survey of the limestones of the Ottawa valley, was surprised at 
the modern aspect of those near St. John. Dr. T. Sterry Hunt also, 
after his studies of the pre-Cambrian rocks of New England and the 
maritime provinces of Canada, classed these limestones in his Lower 
Taconic, below the Cambrian. Their comparatively unaltered condition 
is shown by the numerous carbonaceous bands, called, locally, "blue 
limestones,'' which are intercalated in certain parts of the terranes. In 
fact there are not only carbonaceous, but hitumiuouH limestones present 
in this series, and this is shown by the fact that they give off a distinctly 
bituminous odor when struck with a hummer. This, however, is not an 
isolated fact, because a lim<*stone in the Archu-an tract of Scandinavia 
has been shown to contain bitumen, I think as high as 5 per cent. It is 
ditticult to conceive of the introduction of this substance into a series 
of sediments except through the agency of organisms of some kind. 
Such we know to have been the source of bitumen in the rocks of later 
ages, and we naturally seek thus to account for its presence in these ohl 
limestones. 

And yet, though in certain places these limestones show compara- 
tively little alteration, they exhibit everywhere a secondary crystalliza- 
tion, often strongly pronounced, and not infrequently giving rise to 
highly crystalline, calcareous masses; the preservation of any organisms 
which may have been associated with the pro<iuction of these limestones 
is therefore not only uncommon, but seemingly local. 

Although comparatively modern in aspect, these limestones are no 
doubt pre-Cambrian, for the following reason: Subsequent to the pro- 
duction of the series of which they form a part, a great extrusion of 
igneous rocks (volcanic ash, scoria and mud) occurred in this district. 
These were piled up to a great thickness and spread over a wide tract 
of country; yet their thickness appears to have been very irregular, or 
denudation before Cambrian times swept away large masses of them, so 
that the underlying limestone series was brought near, or quite to the 
surface in some places. 

The Cambrian rocks themselves have a clear foundation in certain 
conglomerates which overlie the volcanic series and show themselves 
along the borders of the Cambrian basins. These conglomerates are 
usually made up of fragments of the volcanic series, intermingled with 
quartz pebbles, but at one locality in the city of St. John, where the 
Cambrian rocks are in close proximity to limestone ridges, pebbles of the 
limestone are mingled in the conglomerate with those of the volcanic 
series, hence we cannot doubt that these limestones were hard rocks. 
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subjected to denuding agencies, at the time when the Cambrian sedi- 
ments were being deposited in the submarine valleys near St. John. 

Further -there is mucli negative evidence pointing to the same conclu- 
sion. If these limestones are post-Cambrian, to what age shall we aasign 
them? The Cambrian terrane here includes the Lower Ordovlcimn, and 
is an unbroken series of sediment. (See last volume this Journal^ p. 280.) 
The Silurian (Upper) is present within twenty miles of St. John, and Is a 
series of calcareous slates and earthy sandstones with characteristic foe- 
nils. The Devonian shales and sandstones, with plant remains, lie imme- 
diately south, separated from the limestones only by the basin of Cambrian 
rocks at St. John, about a mile wide; and the Lower Carboniferous 
conglomerates and shales actually overlie the limestones unconforraably. 
There remains only the Upper Ordovician, which could possibly be rep- 
resented in these limestones, and in limestones so little altered as some 
of these are, some trace of the abundant marine life of the Ordovician 
period should show itself; but none such has been found. 

Altogether we see no reason to depart from the decision on the age of 
these limestones arrived at twent}' years ago by the officers of the Dominion 
Geological Survey, that this calcareous series, isolated amid the Ijaurentian 
gneisses, mica schists and quartxites, is essentially of pre-Cambrian age. 

Before closing 1 may say a word about the Cambrian rocks themselves. 
In my conspectus of the succession of faunas in the St. John group, 
given in a foot note on page 290 of the last volume of this journal, a 
section of "Upper Paradoxides beds, no fauna known," was introduced. 
By this it is not intended to be asserted that any of the later species of 
Paradoxides are known in the Cambrian rocks of the mainland of Amer- 
ica; but only that the horizon indicated is the place where, if present, 
they should be found. 

Another point of interest to students of the Cambrian is that HyiMthtt 
hilHngn^ or a species very like it, has been found in the basal Cambrian 
rocks, near the middle of that series. This species was found by Dr. 
Charles Barrois and myself last summer, when examining the section in 
the eastern part of St. John county. The species is of interest as a com 
mon one of the Olenellus beds, being at the same time, according to Mr 
Walcott, a si>ecies of great vertical range in the Cambrian rocks of the 
llorky mountains. O. F. Mattiikw. 

.b7. John^ N. B.J Ganutlaj Janxuiry IH^ 1891. 



PERSONAL AND SCIENTIFIC NEWS. 



The Winter Mektin<; of the (lEouxiic ai. Society of America 
was held at Columbus on l)«»c. 20, 80 and 31. The members were wel- 
comed bv the niavor of tlie city, Mr. (». T. Karb, whose address was re- 
plied to by the president. 

The treaHurer'H report showed a balance of $280 unexpended, and that 
of the secretary, Prof. H. L. Fairchild, of Rochester, N. Y., showed the 
s(M'iety to be in a prosperous condition. 

At the first session the otttcers for 18l»2 were announced as follows: 



Pergonal and /Scientific Netrn. 215 

I*ret«ideiit Mr. G. K. Uilbert. 

Vice-PrenidenU Sir J. W. Dawtnon, Prof. T. C. Chamberliii. 

SecTwUry Prof U. L. Fairchild. 

TnHiimrw Prof. T. C. Wlilte. 

Two new fellows were declared elecUMl. An e.xcellent memorial of the 
Uite Prof. J. F. Wniiams, of Cornell University— a fellow of the society 
-prepared by Prof. J. F. Kemp, was read by the secretary and the read- 
ing of papers was begun. The first was by Prof. I. C. White, who gave 
a short account of the development of the Maonington oil fields in West 
Virginia, under his direction, and entirely on theoretical deductions 
from the geologic structure of the country. He showed the success that 
has attended these labors by the fact that only five per cent, of the wells 
drilled in these fields had proved dry holes. The attitude of the driller 
had, he said, changed from one of contemptuous neglect to one of stu- 
dious attention. Some discussion and several (juestions followed Prof. 
White's paper. 

Prof. White also made some remarks on a number of specimens of 
plants which had been sent to him by Mr. E. T. Dumble, state geologist 
of Texas, which clearly indicated a Permian horizon in the Wichita beds 
of that state. Among them, as identified by Prof. W. M. Fontaine, was 
a Walrhia, the fii-st reported from American strata. 

Mr. J. S. Diller read a paper on the structure of the Taylorville region 
in California. There are, he said, 29 sedimentary and 17 eruptive 
masses. Several of the former are recognized by fossils. Eruptive 
rocks occur of an age from Silurian to Neo<'ene. The Jurassic rests un- 
conformably on the Trias. The Jurassic is completely overturned and 
sheared on a thrust-plane of low inclination. He instanced a fault which • 
is believed to have a throw of four miles. The paper was full of facts 
and cannot well be condensed. 

Prof. Hyatt exhibited a very large and interesting collection of Juras- 
sic fossils in volcanic tuff, from California, and pointed out a number of 
important similarities and differences between them and their nearest 
European congeneric forms. 

The Sierra Nevada of California was the subject of a paper read, in 
the absence of its author, Mr. J. E. Mills, by Mr. C. W. Hayes. This 
work has been in progress for several years at the trouble and expense 
solely of the author. The range is, he said, due chiefly to Tertiary 
movements, but recurring uplifts took place there in earlier times. The 
older rocks occur in the axes. The two crests of this <iouble range lie on 
the eastern sides. The faults are normal. The Mesozoic rocks are folded 
and overturned but no arches occur, and apparently the thrust planes 
have been forme<l by pressure acting on i>locks of strata lifted out of 
place by faults. There was apparently great difference of opinion be 
tween observers who had been at work on this field and the recorded ob 
servations in so difticult and contorted a region were not reconc^ilable. 

A short note on secondary banding in the gneiss of Berkshire Co., 
Mass., was read by Dr. Diller, in the absence of the author, Mr. Wm. H. 
Hobbs. 
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Mr. C. W. Hall describ<*tl tln^ southeajsterii part of Minnesota. This 
n\irion was first studied by I). I). Owen, ."iO years ago, in his survey of the 
mineral lands of the Northwest. It contains rocks of Cambrian and Si- 
lurian date, with a small area of Devonian. The Cambrian contains the 
Keweenawan and the great red (|uartzite of the Northwest and the Pots- 
dam sandstone, conglomeratic at base with pebbles of the same nature as 
the underlying rocks. After speaking at some length on the section as 
shown in Minnesota, the author mentioned the recent discovery of fos- 
sils in the 8t. Peter sandstone. Murchisonia, Endoceras, Helicotoma, 
etc., clearly indicate the Lower Silurian age of the sandstone. The beds 
below this are referred to the Cambrian, and include the two Magnesiau 
groups of Owen. 

An illustrated evening lecture was delivered on Tuesday evening by 
Mr. T. C. Russell on his recent attempt to reach the top of Mt. St. Klias. 
A large map of Enchantment bay enabled the speaker to explain the 
topography, both terrestrial and glacial, of the region. Many points, 
especially of the latter, were of very great interest to glacial geologists, 
in consecjuence of their bearing on the problems of the glacial era. 
(Jreat changes in the level of the land were shown to have occurred in 
very recent times, (vlacial beds were seen lifted far above their original 
level, and the retreat of the ice, whicli apparently is still in progress 
over the region, has exposed areas but lately buried deep under the 
glacier. Special views of the ice- fields were sliown by excellent photo- 
graphs on a screen. The deposits of moniioic matter washed down 
from the glacier and dei)osited in the "glacial delta" showed large trees 
deeply buried, and, of course, dead. A very striking feature in the land- 
scape is the great development of cryptogamic vegetation — mosses and 
ferns — forming a moist, soft cushion four or tive feet deep, covering up 
fallen logs and unevenesses in the surfa^re, and rendering progress slow, 
laborious and fatiguing. The glacial features of the mountain, its rivers, 
ice-falls, crags and peaks, were vividly shown in a realistic manner, 
so that this little known region was brought within almost familiar 
experience. 

On Wednesday morning the business of the session was resumed by 
the reading of a paper on the Valley of the Rio (4rande in Texas, by Mr. 
E. T. Dumble, the state geologist. It contained a detailed account of 
the Cretaceous strata of that region and some of their fossils. 

Mr. W. H. Sherzer then read an elaborate revision of the rugose coral 
Chonophyllum, detailing its generic characters as regarded by himself, 
and maintaining that several species have hitherto been confounded 
under this name. He pjissed these in review, showing why they should 
be separated. Omphyma and Ptychophyllum were, he said, the forms 
with which it had been more frecfuently ccmfused. 

Mr. C. Willani Hayes gave an account of the geology of the Yukon 
valley in Alaska. He reported immense deposits of volcanic material, 
fine sand, dust, pumice, sometimes covering the ground as snow, and a 
<iistin<-t and diagrammatic display of an overthrust fault half a mile in 
extent. Along the seacoast, in the neighborhoo<l ot Mt. St. Elias, occur 
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large glaciers, oue of which, extending across a valley, dams the stream 
and forms a lake of considerable extent. These glaciers lie almost 
entirely on the southern slopes, those flowing to the northward being 
inconsiderable in size. Indications of much greater extension of the ice 
in former times are abundant along this part of the basin, but farther to 
the north such signs are altogether wanting. 

Mr. Stanley Brown read a paper on the Priliyloff islands of Alaska. 
Uehring sea, from which these Islands rise, is shallow, not exceeding 
IJOO to 400 feet. Bogoslov, one of these islands, has been a central vol- 
cano from which have flowed the streams of basaltic lava of which it 
consists. These islands, especially St. Paul, are the home of the seals 
and sea lions, and the speaker mentioned the fact that numerous peb- 
bles were found on these islands whose presence was very puzzling imtil 
it was explained that they were brought there in the stomachs of these 
animals. 

Prof. W. J. McGee, in discussing the gulf of Mexico as a measure of 
isostacy alluded to the doctrine that areas of denudation are areas of 
elevation, while areas of subsidence are areas of deposition. (Quoting 
examples from the geography of the area of the North sea, he explained 
the difticulty of estimating the area of encroachment in conseciuence of 
the building of artificial breakwaters and the construction of natural 
breakwaters by the sea Itself. He next quoted the Soonderbands of India 
where immense subsidence has taken place and where the sediments of 
the Ganges and Sanpoo are now deposited, the great rivers of China, and, 
lastly, the gulf of Mexico, which receives on a small area the degrada- 
tion products of the largest basin on the globe. In all these cases he 
argued that the two areas coincide and that the depression is roughly 
proportional to the deposition, but subject to so many sources of error as 
to render exactness at present unattainable. 

Prof. O. F. Wright followed with a few remarks on the deduction which 
might be drawn from the presence of shells in a sandbed which he had 
discovered in Shropshire, Kngland, <luring his recent visit to that coun- 
try. His principal point was that the evidence tended to disprove the 
subsidence of that district in the glacial or inter-glacial era. 

A short paper by Prof. .1. C. Wolff described the structure of the Crazy 
mountains of Montana, which had been well illustrated by photographic 
views on the previous evening, and 8howe<l great alteration effects from 
the intrusion of masses of igneous rock. 

Some new fishes from the Cleveland shale of northern Ohio, were 
briefly descrilied by Prof. E. W. Claypole, and a few exhibited by their 
discoverer, Dr. W. Clark. The leading ff atures of the now well-known 
IHnichthyH and the more recent 7'/7a;i/V//^A//x,wli()se structure has been so 
admirably eluci<lated by Dr. Newberry, were point<»d out, an<l a n^w 
genus differing from both intlie structure of its jaws and teeth was illus- 
trated l»y drawings. For this wo proposed tlio name (htriiimitUtlnjn. 
Allusion wjis also iiuub* to one or two jit pri'seiit soinewluit (ibscun* spec 
imens. 

Two papers by Mr. Warron I'pham wen? read in his absence, the first 
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on the relationship of the glacial lakes following the ice age, and the 
second on the Champlain submergence. 

A paper on the pre-glacial drainage of Summit county, Ohio, was read 
by Prof. E. W. Claypole, and illustrated by a map. He showed consid 
erable difference between the courses of the present and the pre-glacial 
streams. 

Other papers were read by titles in the absence of their authors, ami 
the proceedings continued until late on Thursday afternoon in order to 
complete the programme. 

Altogether the meeting was a pleasunt and a profitable occasion for 
the members who were present. The society will meet next summer in 
accordance with its rule, at Rochester, M. Y., about the time of the meet- 
ing of the American Association. 

Mr. John Eyerman is in the south of France. All letters 
should be addressed to the care of Messrs. J. S. Morgan <& Co. , 
22 Old Broad St. , London, K. C. , Kng. 

Prof.F. W.Crachn has been Granted Leave of Absence from 
(yolonwio (\)llege to enable him to do sj)eci:il work for the (JtHjIog- 
ical Survey of Texas, on which he has been ap|)ointed :i8sistant giH»l- 
ogist. lie has already entered \\\Hm his work in that promising 
field, and his addrt»ss, till further notice, will be Austin, Texas. 

J)r. 1*ersifor Frazer, of Philadelphia, sailed Feb. 27 for 
(Jenoa, and will Ix^ absent till May next. 

Mr. F. D. Adams, Lecturer in (Ieology and Petrimjrapiiv 
in McGill University, and formerly of the Canadian Geological 
Survey, has assumed the duties of editor of the Canailian Reconi 
of Science, which is published quarterly in Montreal. 

Mr. Ralph 8. Tarr, of the New Jersey Geological Survey, hsL» 
been appointed to the position at Cornell University left vacant 
by the death of Dr. J. Francis Williams. 

Dr. Ferdinand Roemer, the distinguished German geologist, 
died at his home in Hreslau, Dec. 14th, in his seventy- fourth 
year. He was not only one of the most eminent geologists of 
KuroiK?, but his writings and investigations on this country, where 
he worked for many years, gave him a place among the meet 
honored of our pioneer workers. It can >)e said truly that his 
works on the formations of Texas laid the foundation for the geo- 
logical exploration of that state. 

Sir Andrew Ramsav, late Director-General of the English 
Geological Survey, <liiHl at Baumaris, Anglesey, I>ec*ember 9. 
18in, in his seventy -seventli year. He was at the head of the 
<fi*ological Survey for nine years, retiring in 1S81. 

Dr. T. Sterry Hint, the most eminent chemical geologist of 
the UnitcMi States, died in New York alK>ut the middle of February. 
His last work, which is reviewed in this niimbiT of the Geoukjist, 
<K*cupie<l him in the last months of his long and diversified life, 
and serv(Hl to round out with n satisfactory conipletion, the ]>nlliant 
labors of a brilliant career. 
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A HITHERTO UNDESCRIBED PHENOMENON IN 

H/EMATITE. 

Ry W. S. (iiiKSLKV, F. <;. S , Krif, Pii. 

Tilt' speciiiieii of which a iM)rtion is reproduced in photogmpliy 
(.see plate v) is one of several hand samples kindly lent to 
the writer 1)V a Miss (^ulver, of Krie, Pennsylvania, and it is to 
he regretted that all she can tell him alnjut them is that a friend, 
who makes trips to the lake Superior iron region, occasionally 
carrying cargm^s of ore to Krie, gave them to her al)out a year 
ago. so that the exact locality, the name of mine, nature of 
ordinary deposit in which tliey were found, depth, and so forth, 
cannot (at present, at all events) he ascertaine<l. 

The ore is a tihrcMis red Invmatite, evidently of gi'eat purity 
(|)OssiV>ly 70 per cent, metallic iron), reddish-blue in color, of 
sm<x)th and somewhat unctuous feel, and very compact and tough 
looking: small groups or bundles of the filires chink like iron 
nails when .shaken up together in the hand. The fibres run in a 
curved form, thus giving the hand-specimens a more or less 
curved or horny shape. The samples examined vary in length 
l>etwcHMi two and nine inches, but as the lonjjest of them has lost 
its inner extremity, its mut or commencement of growth, so to 
sjK?ak, it may have been an inch or two longer when whole. The 
s|)ecimens <lo not fit or exactly belong to one another, but fi*om 
their peculiar likeness have evidently all come from the same 
de|X)sit or nm.ss in the mine, wherever that may have b<»en. The 
center or centers of formation appear as small fiat cavities. (/. r. , 
snpiH>sing the thin ends of the fragments examined repn»sent the 
commencement of their formation outwanis around these nuclei.) 
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They are fragments of botr^'oidal or nMiiform masses of ore, and 
thns are of Atminhuii origin. Starting awa}' from the nuclei the 
ore has very mnch the form of fangs of donble teetli — blunt, 
irregular, conical aggregations of fibres, now without any filling 
of any material between them, though when in situ ma}' have had 
reil powdery ore or clay among them, (^oncentric struetun* is 
exhibited in one of the fragments. 

Now what is most peculiar in these samples is that they have holes 
through or running in them at different distances from the nuclei 
and from one another. Three inches is about the distan(»e of the 
nearest hole seen from a center of growth, and those lK»st pre. 
ser>'ed are clearly shown in the plate. 

The |K)ints or chief characteristics to Ik? noted appear t<» tlie 
writer to be : 

a. The shape or form of these holes or little tunnels. 

h. The fact that they run roughly parallel to one another or at 
right angles to the fibres of ore, namely: nearly scpiare across t»r 
through the specimens. 

( . The peculiar curvature of the grain of the ore surrounding 
these apertures, particularly clearly brought out in the cas** of the 
left hand or perfect hole seen in plate. 

if. That, beyond or to the right hand side (as viewed in photo) 
of these pear-shaped tunnels there exists a straight, smooth kind 
of "iKHiding plane'" running forward to the next hole (where the 
fibre is l)ent round), or right to surface or exterior of sptH'imen. 
jis shown between A and B (lower side of view). 

r. The apparent fact that had the formation of the ore oontin- 
ue<l beyond B (\ the outermost hole — really a groove or 
channel now, because open on one side — would have l>een clost»d 
over in like manner to that seen al>out three inches to rear of it. 
[Of coui*se it will be seen that the lower of the three -'holes' is 
only half there, the corresponding half InMug !)roken away with 
the rest of the mass.] 

/'. All the holes have the same cross section in form and meas. 
ure, just alK)ut the same diameter — a little over i inch the short- 
est way. Tnder a pocket lens the surface of parts of these Ixdes 
(their walls) is seen to be mammillated, and throughout they are 
coated with a soft skin or film of red iron oxide. 

The outside surface of the specimen. /. /. between Band ('. the 
edge of which is here shown, is oddly polishtnl, though notartifii'iallv, 
I think. This edge or surface represents the limit of growth of 
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the niAss in that direction. Of course, one is at once inclined to 
ask: What do these holes represent, and whence came they? Were 
thev once filled with ore or with any other mineral matter? etc. 
While the writer does not pretend to give any satisfactory explan- 
ation of this curiosity, he would like to remark one or two things. 

These cannot be holes drilled or eaten out, or l)urrows made hv 
worms or animals of any kind; nor have they been made by the 
liandof man. The form or armngement of the structural fibre of the 
ore in vicinity of the apertures is altogether against such theories. 
The writer possesses various English specimens of clay ironstone, 
one of which is now haematite (having been altered l)y peroxidation 
of iron and water in contact with red strata of IVrmian age), per- 
forated by worm burrows, which are now either filled with pink 
calcite, with fossil slime secret eii by the worms, or are empty. 

We are unfortunately in the dark as to which way this illus- 
trated sample lay or was formed in sifn, but the writer conjectures 
that in whichever direction it was accumulated or grew, the 
mtiss in forming met with some obstructions, around which it 
continued to grow and even to entirely envelope in most cases. 
What such supposed obstructions or projections were, seems to be 
the point from which to arrive at a satisfactory conclusion of the 
growth of the ore. It has occurred to the author that ix)ssibly 
stalactitic ore was there first and that Uiis fibrous variety forme<l 
around and amongst the stalactites, liut stalactites do not take 
the form which these holes show. Usually they are rudely cvl- 
indrical or long, tapering cones; and, if once present why are no 
remnants left now? Twigs, wires or narrow j>ods would seem to 
suit better. Whatever may have been there is now gone* from 
the samples examined, for all the holes are empty. 

It seems impossible to regard them as elongated air holes, or 
luibbles, for the texture and form of the ore has not been altere<l 
from what it was when first formed into this condition; there has 
evidently lieen no squeezing, no metamorphism, no fusion, vitri- 
fication, elongation or shorteningof the mass; it sh(»ws to-day just 
as it was after or even during process of formation, or t/rmrt/t, 
as we may fairly term it. Can it be possible that the mass has 
formed in situ around or in contact with a numlK»r of lengths or 
cHjils of wire, in some place in a mine, where the eondilions have 
lieen very favorable for a very rapid growth? We know that 
agates are produced in a very short space of time under favorable 
eircnrastances: I refer to the (German samples artificially made 
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out of natural uiineralizcKl water in some of the mines or caverns 
tliere. Certain forms of gypsum too, liave l)een known to form 
within a few years,- and I am here reminded of the fact of a man 

ft 

l)eing lost in the jijreat Daleearlian copper mines, at Falun in 
Sweden, in the last century, whose lK>dy when discoverwl, was 
partially converted into a yellowish gypseous mineral, it having, 
as is supposed, fallen into or l>ecome covere<l with mine- water. 
Stalagmite, sinter, tufa, etc., do form quickly, as in the vicinity of 
hot springs, "petrifying wells,'' in caves, in old mines, etc. 
ignite hard and thick deposits of lime, iron, etc., are frequently 
found in mine water-pipes, cisterns, in old "atmospheric engines, * 
and other places where conditions favor their deposition; however 
the writer cannot call to mind an actual case of hard pnrt» iron 
ore proved to have formed within ancient or modern histor}*, 
unless certain curiosities taken occsisionally from blast furnaces 
(results of peculiar melting and de|K)sition in connection with 
other mineral substances) may lx» regarde<las such, or the instance 
(juottHl by Bischof in his "(^hemical and Physical GcH)logy'' of 
three feet thick of limonite occurring over a substance containing 
Roman coins, in central Europe. Swedish "lx)g iron-ore" is 
stated to form at the rate of several inches in a few years. The 
writer remembers a very singular cjise of nipid growth of a 8|km'- 
imen from a coal mine in Staffordshire, England. It was places! 
in a cabinet and being left to itself for twenty-five years, was at 
the end of that time found to have eaten its way upwards thn>ugb 
one inch of wood (the top of the cabinet, ) and downwards through 
three earthenware plates on which it was placed. Its owner stattnl 
that its gn)wth in bulk had since l>een so extensive he had hn>ken 
off fragments, to keep it within lK)unds, to the extent of five or 
six timers its original bulk. Scientists who had examine<l this 
specimen consider it to be a variety of ruplnpitv^ or ? connimhiU 
Wnauijin or '^luiir-Hah/ or ? ft irons sulphate is another mineral 
of rapid growth in favorable situations: the writer mea8ure<l some 
fibres in an entry in an English coal mine, in May, 1880, which 
4'ntrv had to his own knowledge lK»en driven al)Out eight years. 
The longe.st filires were 11. J inches, thus giving an average annual 
growth of nearly H inches. Other facts might l>e cite<l, but 
enough has been said here to show that whether fibrous haematite 
can or cannot form rapidly under favorable conditions, many min- 
erals or combination of minerals can and do (/row amazingly fast. 
Additional specimens of this lake Superior ore, could they lie 
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priiciired, mif^bt throw ligbt on the Hiihject. The general iiH|»eet 
of this sin^^uUr variety of ore of iron, ho strnngeiy reHembliiig 
s[)Ht wowl, aiig)^tj4 the iianie of 'WihhI Irou-on-" for it, but the 
' grain in woixl paHsex around knots, or holes onee oocnpiecl hy 
knots, in » ililTen'nt way from the grain in this iron-ore. 

The 8|iecimeii in iincMtion can in no way l>e rejrardwi uh /mi «- 
ilomorphoim, or be n replitrfnieHl formiition after limrglijat, ilotu- 
ntilf,pi)iilr, vh'iUeiJ'jiii/, etc., uor is it n fuHnll (niinenili/c<l woo<l) 
or anytliing of that description. 

Krie, Venn., 1'. S. A., Nov., ISitl. 

Ekik, I'a., Dee. 15, 18»1. 
Phok, N. H. WiKcnELi,. 

Dear Sin; Acting on jour suggestion, I liave pollaheil one end of 
the sample through one of the boles, am) beg to inilose ilrawlng am) cl<'- 
scription. 1 cannot see anything here attributable to ucwd-fiMur. The 
dull polishing portions, c r, are the HiUes or walls o[ Ibe hollow nba, 
an<l may be lususceptllile of taking a higher polish because the fibres of 
the ore here are bent in the direction of the hole, hs you will notice in 
the photo (plate V). 




EiiUiL^il vie' 
the Innnel' or f 

The hole lies between n n, the portion left on the sjiecinieu hein:; 
about t^ Inch deep in the center, as at li, TbU portion (u to n) is. then- 
fore, not polished; >-<-arc the two walls of the hole, the oreof which does 
not take a goo<l polish. This part of Ibe ore exhibits harder and brighter 
spots, (( tl, which grailually merge into the compact, har<l ore, .■ . , (the 
unshaded poriion of the surtncf treated), wliich takes a high poliKli. 
The surface of the hole (" to ..) \*,a* shown, slightly nianinilllated and 
coated with red, poaderj* ore. W. S. Greki.ev. 
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THE LOWER COAL MEASURES OF MONONGALIA 
AND PRESTON COUNTIES, W. VA. 

By S. B. BuowN, AsH't ProfpHsor of Geology, W. Va. Uiilvereity, Mor^antovin. 

For ten or twelve miles south of Morgantown, W. Va. , the Mo- 
nongaliela river flows north along the strike of the Barrens with 
the Lower (^oal Measures just rising a]>ove water level. The Ma- 
honing sandstone at the base of the Barrens in this region is 1(K> 
to 150 feet in thiekness, and the Imnks of the river are for long 
distanees crowned witii its high cliffs which, in many places, have 
weathered into fantastic forms. The streams that flow into the 
Monongahela from the east have worn deep and narrow gorges, 
whose steep sides are held up b}' the massive masonrj' of this Ma- 
honing sandstone. 

But it may be seen in ascending these streams that the strata 
lK>unding their sides are rising faster than the stream l)ed8: henc<» 
low(»r and lower strata emerge from the water level, until at six 
or seven miles east of the river, the whole of the Lower Coal 
Measures outcrop along the hillsides, and the Pottsville conglom- 
erate begins to show its pebbly surface along their banks. 

Starting three miles above Morgantown, at the mouth of 
Booth's creek, with the Upper Free|)ort coal at the river level, 800 
feet alx)ve tide, and following up this stream to the southeast, we 
find the coal constantly rises higher above the water, until at Old 
Clinton furnace, six miles distant, it is 165 ft. al>ove the same, 
while at Halleck, on the Chestnut ridge anticlinal, it is in the tops 
of the hills, and 1,!»00 ft. a»>ove tide. 

This Chestnut ridge anticlinal forms a true waterslunl, anil di- 
vides the streams flowing into the Monongahela from those flow- 
ing into the Tygarts valley, at Grafton. 

From llalleck, continuing southeast, we follow down Laun^l run 
to Irondale furnace, and observe that the strata have dipped in the di- 
rection of our coui*se almost as fast as the descent of the stream, 
until at Irondale thel'pper Free|>ort coal is !»ut 1,000 ft. al>ove tide. 

On reaching Nevvl)urg. the strata are again rising east, so that 
we have crossed the trough of the Ligonier syncline and find the 
rpper Free|>ort coal at l,Or>0 ft. aln^ve tide. At Austen, thret* 
miles further east, it is at the level of the B. & O. Railroad track, 
and l.r)()0 ft. alxive tide: at the Kingwood tunnel it is l.SOO ft. 
alK)ve the sea. and after a small dip to the east it again rises, and 
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neiu* Eighty Cut, at 1800 ft, A. T., it passes into the air and is 
seen no more on the western side of the Allegheny' mountains. 

The whole length of this section, embracing one great anticline, 
one syncline, and reaching to the crest of another anticline, is 
al>out 130 miles, and along it in several places complete sections 
of the Lower Coal Measures are exposed. 

Between the Mahoning sandstone and the Upper Free|K)rt coal, 
near the river, there are usuallv about 40 ft. of dark colored 
shales, that in places yield numerous fossils, but on going east 
these shales rapidly thin out, and the sandstone then lies immedi- 
ately ui>on the coal, forming an excellent roof. 

On ascending White Day creek toGarlow's mill we find the Ix)wer 
Coal Measures fulh' exposed and the section shown in cut No. 2 was 
obtained there. The Mahoning sandstone here lies immediately 
u|K)n the Tapper Frecport coal. The section reads as follows: 

1. Upper Free port coal 4' 

2. Shales 25 

•i. Limestone 4 

4. Shales 6 

5. Fire clay and iron ore 3 

6. Shales nod sandstone 75 

T. Upper or Middle Kittanning coal 5 3' 

S. Limestone 2 ' 

\K Sandstone and shales 40 ' 

10. l/ower Kittanning coal 4 

11. Shales 35 

12. Sandstone, massive, perhaps Homewoo<l S. S 15 

13. Shales 30 

14. Coal 1 

15. Shales 10 

16. Main Pottsvjlle conglomerate 



Total 259 3' 

Alx)ut six miles up Booth's creek, at Ilaigh's lumk, the Upper 
Freeport coal shows the following section, descending: 

Coal 3' 1 

Shale 6" 

Coal 2 6- J. 4 6" 

Shnle 2' to 3" 

Coal 1 0' 

At Stevens* bank, in Winfiehl District, Marion county, it shows: 

Coal 2 6- ) 

Shale 2' f 3 10' 

(^oal 1 2- \ 

At Isaiah Rol)es, on Whitedav creek, it is verv excellent, 4^ 
ft. thick, with 2" to :*>" of shale. 1 ft. from the Ixjttom. All of 
these openings are on the western slope of the Chestnut ridge an- 
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ticline. Further oastward, in the Preston county basin, tlie coal 
shows alnnit the same structure, but is twice as thick, Ijeing 7 to 
1> ft. at numerous openings. It is valuable as a coking coal, and 
is use<l for this pur|X)8e at Irondale, Xewburg and Austen. Its 
r<K)f shales show fossil plants, (^'alamites. Sigillaria, Neni'opteris 
flexuosa and N. hirsuta. 

Along the river near Little Falls and also in the Preston county 
ba^in, the Upper Freeport limestone occurs at from 20 to 25 ft. 
Iwlow the Upper Freeport coal, but along the Chestnut ri<lge an- 
ticlinal it seems to be absent, or but ixKirl}' develope<I. It varies 
from 2 ft. to S ft. in thickness, and on weathering shows a mi- 
nute univalve fossil. 

About .'J5 ft. below the Upper Freeport coal is an hori/on at 
which fire clav and iron on* are often found. Tlie iron ore is a 
siliceous shell oiv, and was formerlv manufactureil into iron at 
Clinton furnace. At one place a seam of coal is n^jx)rte<l under- 
lying the ore. This seam may be the Lower Fn»eport coal. 

The next 75 ft.consists of shales and sandstones, the interval con- 
sisting mostly of shales in the western part of this district, but to- 
wan I the mountains, these are n*placed by a massive sandstone 
that is quite ct>arse and pebbly and hjis alK>ut the same thickness. 

The next stnitum is known over a large district as the •• thn*e 

ft. vein of ci>al, " although its thickness is cjuite variable. On 

White l>av envk, this IkmI shows the following stnicture . 

Ci>al 2 0- 

hhale U 1' 

Coal 10 ^5 2' 

Shale 1 3* i 

Coal 1 0' 

Duly the two up|K»r lienches of innd an* mined: the 15 inches of 

shale in the lH>ttom lH*ing too much to n*move for the 12 inches of 

iH>al iKMieath. The nx>f hen* is of thin IhhUUhI sanibitone and is 

extvllent. Klsewhen* along the Chestnut ridge anticlinal, this coal 

is st^ldom t>ver 2 fei*t in thiekni*ss, and nsuallv h:is iK>n>us. s;indv 

• • • 

IhhIs for a nM>f that an* incajmble of sustaining great pn^sure, 
I^>f While shows this ci^al to havi» the following >truetnre 
in the New burg shaft : 

Ci.al 1 

Slate 3' 

i\>al, slatv 2 7 3 

KinH!ay.* 2 

l>al. ^VhI *2 0' 

linuusbatolv under this i\^l is a limestone aUnil 2 ft. thick 



^ 



soft. 
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At other places in the same neighborhood tliere is one f<x)t of 
shak^ l>etween the coal and limestone, while in the vicinity of 
Clinton furnace, the limestone is more siliceous, highly ferri- 
ferous and 10 ft. to 12 ft. of sandstone divides it from the over- 
lying coal. This limestone is the John.stown cement IkhI of 
Pennsylvania. 

Descending, we next pass through 40 ft. of Haggy sandstones 
and shales and reach a stnitum of black shale, usually about 1 ft. 
thick, fiUtHi with fossil plants, calamites, Lepi<iodendra. Neurop- 
teris hirsuta and Pecopteris of various species. The !)lack shale 
is the roof of a very im|K>rtant .seam of coal, the Lower Kittan- 
ning, the most extensive coal seam of the Appalachian field. It 
varies greatly in thickness, but is nearly always workable. In 
the western part of our section it is four feet thick; in the New- 
burg basin it is over seven feet in thickness. In the vicinity 
of TIalleck, this coal shows the following structure: 



Coal 0' 2- 

Shales 2 6" 

Coal 2 0" 

Shales 2" 

Coal ID- 



S' 8" 



Although it is all good coal the lower stratum of ten inches is 
of very superior (juality and is much used by blacksmiths. In- 
deed, it is to its value for this purj^ose that the whole seam owes 
its high reputation. 

In the bottom of the shaft at Newburg, it shows the following 

complex structure: 

Coal 0' 10' 

Shale,gray 10" ! 

Coal «• j 

Coal, l>ony 8' (.9 5' 

Coal, main bench 4 6 ' 

Black slate 6' 

Coal 2 0" 

Tnder the I^ower Kittanning coal, we have *{r> ft. of shak^ an<l 
clays bearing iron ore nodules near the l)ottom. It is this iron 
ore that furnislu»s a cause for the number of chalybeate springs 
that occur at this horizon along (Miestnut ridge. 

Next comes a hard-peb!»ly samlstone that is usually aUiul 15 ft. 
in thickness, filled with impressions of large plants, Sigillarids 
and Lepidodendra, and which resembles the "Great (Nmglomer- 
ate. " This is |K?rhaps the Home wfK>d sandstone, of Pennsylvania, 
the uppermost member of the Pottsville conglomerate series. 
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This rock makes ti sharp change in the topography wlierever it 
appears above the surface. It does not disintegrate? easily, and 
hence usually makes an abrupt clitf, while its great l)oulders are 
scattered far down Ijelow its present outcrop. 

Under this hani sandstone, we fin<i about *M\ ft. of sandv shales 
filled with plant fossils. Then one foot of hard, black slate caps 
one foot to one and a half feet of coal. This coal is often worke<l 
and is of good quality. 

Al)OUt 10 feet of shales underlie this coal, which brings uh down 
to the main mass of the (Ireat Conglomerate. 

W. Va. Lhuvnsitii, Dtr. l.Uli, 1891, 

• 1 7 



THE TIN ISLANDS OF THE NORTHWEST, 

K. W. Ci.AYPOLE, Akron, O. 
1. 

The Cassiterides or Tin islands of the ancients weiv the gnuiitic 
masses of (^ornwall and the Scilly islands. Hither came in days 
lH»fore the dawn of written history (except perhaps EgA'ptian) 
the enterprising marinei*s of Tyre, to l)uy from the Britons their 
much prized and very scarce metal. By craft and daring in nav- 
igation, they for many years kept the destination of their tin- 
ships a profound trade secret. Few dared follow them out l>e- 
tween the pillars of Hercules into the foggy and stormy Atlantic, 
and Phcenicia was consiHiuently for ages the central mart for the 
sale of this metal — the stannary of the world. 

Not, however, for the sake of tin pure and simple, did tht^se 
old Phceniciau mariners undert4ike the voyage from the Levant to 
St. Michael's Mount and back-~(J,<M)0 miles of sea, and often out 
of sight of land. Tin alone (the phutihutu album or white lead 
of the Romans) was of little use. Pliny,* it is true, si)caks of 
tinning (*opper vessels, but IMiny lived at a comparatively late 
date. It was the peculiar and intense hardness that chanicterizes 
its alloy with ('opjH'r that gave this metal its value among the 
ancients. Bronze was the material of which all metallic cutting 
tools were made before the discovery of steel, and for many years 
afterwards until this latter became cheap and easily wrought. 
It is therefore nee<Uess to point out the great advantage possesse^l 
by the nation that held the secret of the Cornish tin. Others 

♦"Staiiiuun illituin aeneis vasis compescit a«*ruginis virus.*' Plin. :M, 48. 



Tin Island** of tin- XortlareHf. — ClanpoJc, 22t> 

con hi buy the bi-onze after it had been made, bnt conhl not make 
it, and this, there is abnudant reason to l)elieve, was done. 

Kven after the introduction of steel had destroyed the vaUie of 
bronze weapons, so many uses for tin remained that the oUl Corn- 
ish mines were never entirely closed, thougli in the time of the 
English Plantagenet kings the royalty had dwindled down almost 
to nothing. 

IT. 

Rising like islands from the vast prairies of the Northwest are 
the Hlack Hills of Dakota. They break through the monotonous 
plain that extends from Chicago to the foot of the Rocky mount- 
ains. Their steeply inclined axial strata are in strong contrast 
with the flat l)eds of the Cretaceous and Tertiarv eras around 
them. To these, as to the new Cassiterides, much attention has 
l>een directed for some veal's past, in the hope that the future tin 
supply for the markets of North America will be <lrawn here- 
from. 

To the geologist these hills are (Hjually interesting on account 
of the problems which they suggest, and the facts which they re- 
veal concerning the evolution of the Northwest. 

Prof. N. H. Winchell and Mr. Henry Newton were the earliest 
explorers in this field, and entered on its investigation while it was 
still in a wild state, and occupie*! by hostile tribes of Indians. 
To their work the present writer, and all who have followed 
them, are deeply indebted for facts and data. The writer's own 
ol)servations have l>een made mostly in the southern tin -district, 
and in some parts of the east and north of the Black Hills. 

III. 
The core or medial axis of the Hills consists of a ridge of 
schists and slates dipping at a high angle to the east, and often 
nearly vertical. Of these the schists are the older and underlie 
the slates. They are very micaceous, and often so full of garnets 
as to appear red, and have been likened by Profs. Blake an<l 
Crosby to the **Moutalban" series of New Kngland. These 
schists are heavily charged with lenticular sheets of a very coarse 
granite composed of quartz, albite and mica, which have l)een 
described by some as intrusive. But the evidence rather justifies 
the l)elief that the\' are really veins of segregation, as they uni- 
formly agree with the schists in strike and dip. These veins are 
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very striking to one only iicciuainted with granite in its usual 
form — a finely granular mass. The <iaartz is as usual, dissemi- 
nated, but the albite, the chief ingredient, is found in very large 
crystals, and the mica in sheets sometimes a foot or more in diam- 
eter. With these occur crystals of black tourmaline occasionally 
weighing several i>ounds, and magnificent siKxhimenes, ten, twenty 
and thirty feet long in the rock. Here tcK>, are found IjeryJ. 
cassiterite (tin-ore), columbite. and other minerals often associ- 
ated with these. 

These intercalated veins of coarse granite weather less rapitlly 
than the schists and conseijuently stand out in bold relief on the 
hillsides, their wreckage strewing the ground so as to convey the 
impression that the granite area is much larger than is really the 
cise. No massive granite exists in the Hills, even the central 
Harney peak being composed chiefiy of schists. The veins run 
in some instances for long <listances — many hundred feet or vanls 
— but eventually disappear to be succeeded by others in parallel 
lines. 

The presence of the cassiterite in them has drawn attention to 
th(^e schists almost to the exclusion of the other strata of the 
Hills. We will return later to this topic when treating of the tin.* 

IV. 
The eastern slates overlying and conformable with the schists 
compose the younger part of the axis already alluded to. They 
occupy the whole eiLstern side of the mass of the Hills, an<l like 
the older schists dip steeply to the east. They are hanl and blue 
or dark grey, have no true cleavage, and weather into mgge<l 
peaks or edges. So far as it is known they contain no useful 
minerals. Vast beds of (piarlzite are foun<l in them so uuLssive 
as to justify calling them at times sandstone deposits. 

V. 
Both the formations alM>ve mentioned belong to those early 

ages of ge<jlogic history or mther legend, which are at present 

comprehended in the term "Pre-Canibrian. * It would 1h» mon* 

*lt is worthy of remark in this connection that the stanniferous veins 
of Dakota are immensely older than those of Cornwall. The latter are 
all of post- Devonian age, and probably in soni«» cases very much later 
than the Carboniferous. Indeed it would seem as if the process of the 
deposition of cassiterite were continuous, as it is not uncommon to find 
in Cornwall recent dr*cr-horns so impregna ed with the mineral, that 
they arc as ri<'h as the average ore of the county. 
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strictly logical to write ''Pre- Potsdam" because we can only i>rove 
that thev antedate that era. Hut the total absence of fossils and 
their structure and immense thickness ix)int strongly to a Pre- 
Cambrian date. Regarding the last character Prof. Newton 
writes : 

*'The whole thickness of vertical nx'k with a width of alx)ut 
twenty-five miles, is believed to retain its original relation of 
parts." So great a thickness of even Pre-(^ambrian strata is 
scarcelv credible. 

Immense beds of conglomerates are a feature of the slates, and 
art* well displayed in many places, as for example, near Lend City 
on the railw.ay. The pebbles consist chiefly of glassy quartz and 
quartzite, both of which are found in the older schists, but the 
conformability of the two series forbids our ascribing them to 
that source, and compels us to seek some other and more distant 
origin. The pebbles of (juartzite are elongated, says Prof. 
Crosby, but those of (luartz are not. 

Prof. Crosby hjis also called attention to a vast sheet of diorite 
(plagioclase felspar and hornblende), sometimes auriferous, which 
passes thR>ugh the entire length of the eastern or slaty series, and 
of which abundant fragments may be seen on the eastern 8loi>es, 
and also to massive but verv siliceous l>e<lsof luematite like those 
of the lake Superior region. He has further demonstrated from 
the presence of limestone pebbles in the Potsdam, that a bed of 
this material must Ih» covered up somewhere in the Hills. This 
discovery may some day thi-ow light on the age of the slates, some 
of which may, though >uch a supposition is scarcely i>ossible. l)e 
of lower Cambrian date. 

vr. 

After the de^x^sition of the series above described in the sea of 
Prt»-Cambrian age, an elevation of the region took place whereby 
the schists and slates were bent and folded at a very high angle 
and the Black Hills of Dakota were iKjrn. If we must regard 
the whole series as one un<luplicate<l mass, they form a mono- 
clinal ridge with strong easterly dip. This movement alone indi- 
cates a long time, but the enormous erosion which the strata 
suffered before the Pots<hini san<lstone was laid down u|K)n their 
basset edges forbids any tloubt on this point. The interval rep- 
resented by this gap extends from the date of the latest slate to 
that of the Cpper Cambrian, and may include the whole of Lower 
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and M'uldli* Cambritin time, with i)ossibly some earlier era». 
During all these aeons the Black Hills stood as an island or as 
islands in the Cambrian sea, supplying by their wear and tear 
under the action of the weather and the waves the sand r€*quire<l 
for the building of the Potsdam sandstone. 

The elevation which had set in after the deposition of the 
schists and slates, at length ceased and subsidence ensued. The 
sea began once more to submerge the sinking land, and the Pots- 
dam sandstone already forming in the surrounding sea eneroaclie<l 
on the island. As the water advanced it destroyed the super- 
ficial parts of the old land, and deix>sited the material as the Pot^^- 
dam sandstone. This is seldom more than 250 feet thick, and is 
conglomeratic at base (^)ntaining pebbles of all the harder rocks 
found in the hills, as well as of the limestone above mentioninl. 
These last occur all round the Hills, and in some places com|M>se 
almost the whole of the basal conglomerate. 

There can be no reasonable doubt of the identification of the 
Potsdam, though no fossils have yet been found. It is probably 
continuous from its eastern outcrops beneath all the other jml- 
a»ozoic strata. But the slightly calcareous nature of its upper 
lavers and the few fossils which thev have thus far yielded, indi- 
cate that these may represent strata much higher in the scale. 
This will be more evident after consideration of the next topic. 

VII. 
If the .sandstone be referred entirelv to the era of the Potsdam. 
then there is a se<*ond long gap in the stmta of the Hills, includ- 
ing all the Ordovician, Silurian and Devonian eras. Rut if the 
(lualification just stated be allowed then the gap only includes the 
Ordovician and Silurian eras — a time sutHciently long. Prof. 
Carpenter has discussed this ipiestion, and has adopted a sugges- 
tion first put forth, I lK»lieve, by Prof. (V»sby. The former says: 

"It was shown by the Challenger Kxpedition tliat in the truly abysmal 
depths of the sea, tliere is, properly speaking, no sedimeDtation These 
are the red clay areas which form a characteristic feature of the deeper 
portions of the aea, and are found at all depths from 2,000 fathoms down 
to the deepest ahysses. They consist of exceedingly fine clay colored 
red with oxide of iron. Tbis clay is not a sediment, having its origin in 
tlie erosion oT the land, but is derived from the aluminous portion of 
slu'lls, decomposed i>umice and fine volcanic ash." "So slowly is this 
accuniulatioD taking i)lace that the ear -bones of whales and the teeth of 
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sharkH believed to have been extinct from early Tertiary times, have Qot 
vet been covered with it." 

**The point that I wish to make is that if this section sank to these 
abysmal depths during Silurian and Devonian times, it reached a depth 
in which there was no sedimentation, and hence rocks of these ages are 
absent. A slope of only one degree would in two hundred miles from 
the shore have carried it to the depth of 8,00() fathoms, or far into the 
red clay area," 

Though the acute hypotliesis aliove stntod oau scarcely he jw- 
suiued at present, yet one fact strongly confinuatory must not be 
forgotten. When sedimentation again set in limestone and not 
>*an<l was deposited, indicating distance from shore. 

Tiiougli apparentl}' unique thus far in geology as an explana- 
tion of the absence of strata, it is certainly at least plausible, 
and none of the objections urged against it have sufficient weight 
lo form an insuperable obstacle in the way of its acceptance. 
On this view the Potsdam subsidence continued until the area of 
the Hlack Hills had sunk below the 15, 000 fathoms level, and of 
course the tops of the highest peaks were covered with water. 

On the cessation and reversal of this movement, the first sedi- 
ment that covered the l)Ottom of the rising area was that of the 
Carl)oniferous limestone. This holds characteristic Carbonifer- 
ous fossils, and indicates oceanic conditions of deposit. It is 500 
or 000 feet in thickness, exceedinglv hard and durable. Its 
[xnition shows that at the time of deposition the area of the Hills 
was deeply sunk, becau.se over a great part of the district this 
limestone lies horizontal on the horizontal Potsdam, and is never- 
theless elevated al)ove the edges of the slates and schists except- 
ing on the ver}' highest peaks. It has been raised without con- 
tortion, and shows only gentle dips around the margin of the 

Hill region. 

Vlfl. 

The incoming of sandstone near the close of the CarlK)niferous 

deposits indicates that some part of the Pre-Cambrian area had 

then risen above the water, and the lack of any decided break 

Ijetween the Palaeozoic and the Mesozoic as well as the variation 

in the material of the Trias shows an unstable condition of level 

^luring that era. The Trias contains beds of bright red clay, a 

very jmn* 30-foot limestone, hard and uniform, and enormous 

strata of gypsum cropping out all round the hills in <)uantity 

sufficient to supply the whole continent. The limestone forms a 
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rampart tlirou^li which the streams have cut narrow channels, hy 
which entrance is with ditticulty gained to the central fastness. 
A fine iUustration of this structure is seen along the nairow- 
gauge railway running up Klk creek from Postville to L€»a<l City. 

Though the Jurassic beds that follow are conformable to the 
Trias, yet no greater contrast can well be imagined than that 
offered by these two formations. The former is absolutely de5*ti- 
tute of all trace of life, while the latter contains some of the 
richest fossiliferous strata known anywhere on earth. What 
physical changes are indicated by this difference cannot now or 
here be discussed, but whatever they were, they permittefl the 
alK>unding reptilian life of the Jurassic to invade the lifeless sea.H 
of the Trias. The rapid thickening of the former beds to the 
northwest, as pointed out by Prof. Carpenter and others, show.*^ 
that the land whence thev came lay in that direction, while the 
gypsum of the Trias would imply a closed sea ami great eva|)or- 
ation. 

The vast and varied reptile fauna now accumulated by Prof. O. 
(\ Marsh, at New Haven, has been chiefly taken from the Juhlh- 
sic of the region surrounding the Black Hills. Many of its 
'nemlH'rs being in part or altogether terrestrial, indicate land at 
no great distjince, and the Hills then probably rose as islands 
al»ove the Jurassic waters. 

Of this fact there is no room for doubt at the commencement 
of the Cretaceous era, for the fine conglomerate at its base owes 
its origin to the Pre-Caml)rian strata of the axis. Hut the emer- 
gence was apparently only temporary, and was followe<l by sub- 
si<lence, which again carritnl the Hills under water, and allow(»<l 
the deposition of the later Cretaceous beds over the whole are:i. 
These strata indicate marine conditions, but no grt»at ilistance 
from i:nid, as tlun' consist of clays and shale, with little lime, and 
contain abundant and beautiful specimens of Haculitt»s, Am- 
monites, etc. 

IX. 

It sec'ins probable that the (^retaceous sea continued on into tht* 
Kocene era. an<l that Kocene strata were deposited over the Crc*- 
tac(»ous. .Vs Prof. Carpenter has shown, there is evidently a gap 
in the H'conl \w\\\ The Kocene is wanting in the Black Hills, 
and tiie Miocene lies imnuMliatelv on the Cretact»ous. nuriuji 
.some part of tliis iiiterval tiie central peaks, if not more, servnl 
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as <rmtributing centres of the l^re-Ciimbriiin rocks which lie .scat- 
tered over the surface to the <listance of ir><l miles from the peak. 
They lie below the Miocene IkhIs, and disappear under them at 
their first occurrence, and are even seen below their outliers. 

The means and manner of the distribution of the l)oulders has 
been a matter of some speculation. Prof. Carpenter was once in- 
clined to believe that they proved the occurrence of an Kocene 
ice-age, but has since abandoned that view. It is not easy, how- 
ever, to see how such l)oulders could be scattertnl so far over the 
country merely by the ordinary agents of erosion. 

The Miocene deposits were laid down in a great fresh -water 
lake, and in them are entombed the remains of a gigantic mam- 
malia of that era, indicating the proximity of land. During all 
this time the Black Hills stood as islands in this lake, and were 
doubtless tenanted b}' the animals whose remains are found in the 
strata. Miocene <leposits approach within 15 miles of the Hills. 

Here the geological record of the region ends. With the ex- 
ception of a few fragmentary notes of Quaternary time made by 
the usual stream erosion and of the relics of a few Pleistocene 
mammalia that occupied the Hills, the later annals do not exist. 
The great Ice- Age has left on the Black Hills no sculptured 
hieroglyphics of its ice-chisel, such as those that have immortal- 
ized it elsewhere. No ernitic lx)ulders, no arctic drift indicate an 
invasion by the northern ice, and no striation or grooving of the 
rocks leads to the l>elief that the Hills were an independent cen- 
tre of glaciation. This fact is full of significance. Lying four 
hundred miles north of the southern edge of the great ice-sheet 
they were yet out of the zone of accumulation, and even beyond 
the zone of waste. The ice of the northeast and of the north- 
west expended its strength in crossing the wide prairie regions 
that sepanite these hills from the great glacial centres of the con- 
tinent. 

X. 
But the chief interest of the region at the present lime lies in 
the presence of the tin-ore mentioned at the outset of this paper. 
The economical importance of this mineral is greater than that 
of anv other that the Hills are known to contain. 

Tassiterite is usually limited to the proximity of granite rock.s, 
but in the Black Hills it is yet more closely limited to the granite 
veins <lcscribed al)ove as occurring in the ohler schists. And in 
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these it is, as usual, very irregularly disseminated. Some vein* 
are altogether barren. In others is found a varying quantity of 
ore, never ver}' large. Strings and threads and granules, often 
almost invisible, with occasionally a lump weighing a few ounces. 
or more rarely a few pounds, are the forms in which the eassiter- 
ite occurs. This, it may be remarked, is the usual mode else- 
where. In some instances, and probabU' either in choice speci- 
mens or in chosen localities, a yield of three and even of four 
percent., has been reported. But a sanguine estimate for the 
productive veins of the region could not exceed two per cent., 
and even this could onlv Ik* reached bv careful work and the re- 
jection of iK)or material. The whole of the stanniferous material 
must be mined and picked over or crushed and washed in order to 
extract the ore, a process that entails considerable lalwrand expense. 

It would be premature to give any positive opinion regartting 
the contents of the veins as they are followed down, but judging 
from indications there is no ground to anticipate an}' change. 
The weathered material on the hill-side is scarcely richer than the 
lodes, nor are the '-streamings" to be compared in richness with 
those of some other parts of the world. Hence there is no rea- 
son to conclude that the portions of the veins alread}' erodeil were 
any richer than those now existing. Judging also from the ar- 
rangement and the structure of the veins they will run out down- 
ward as at the surface, and ])e succi^eded by othei*s, and the}' will 
certainly vary much in richness from i)lace to place — a fact which 
always renders lode-mining an uncertain occupation. 

There has been an immense expenditure of money during the past 
few yeai-s in the Hills, in mining machinery and other plant, and it is 
only reasonable to expect some return of metal from the outlay at 
no distant date. Knormous (juantities of cassiterite undoubteiily ex- 
ist in the granite in .spiteof its sparse and fine diffusion in the rock, 
but the problem awaiting solution is whether or not it can be con- 
centrated and reduced at a figure that will afford a reasonable profit. 
It is too earlv at present to sav what can U* done with better ma- 
<*liinerv and methods, and the practice of the most rigid economy 
in the work. Hut the experience of a few years will show if the 
tin from the Black Hills can be pi'oduciHl at a figure sufficiently 
low to maintain itself in the open market of the world. If not. 
the subject of Dakota tin-mining will cease to Ik» one of economic 
geology, and will become merely a (piestion of the hight of the 
tariff-wall that can be built around it for its protection. 
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DISCOVERY OF A SECOND EXAMPLE OF THE 

MACROURAN DECAPOD CRUSTACEAN, 

PAL/EOPAL/EOMON NEWBERRYI. 

R. P. WiirrriELD, New York. 

The occurrence of decaj)od crustaceans in the Devonian, or 
Lower Carboniferous strata, is so rare that the discover}' of an 
individual is well worth recording; and as Pnhntpahtomon nvu:- 
herryi is the earliest or first of the group yet known, its occurrence 
may well be considered as of special importance. 

A few weeks ago T received from Dr. A. S. Tiffany, of Daven- 
port, Iowa, under the name of Evhinovurls up., undescrilwd, a 
fossil crustacean so badly preserved as to be somewhat mislead- 
ing on first examination, but which, on being cleared from the 
rock in some of the critical parts, proved to l)elong to the genus 
PalfBopnIftomon, and so far as the specific* features can be ascer- 
tained, to be identical with that species described in the Amcr. 
Jour, of iScienrt'^ Sd xrn'eH, 1880 , Vol. 19, pp. JfO-J^l, and subse- 
quentl}* in the Annah of thr New York Am d. Sri., Der.^ ISUif, 
p. 005, PI. XII, Flgx. W-.21.* 

The specimen is of alx)ut the same size as that figured as above, 
but much less perfect, as it shows only a part of the carapace, 
the right side and anterior en<l l)eing quite defective. The basal 
joints of the antenn«e shown in the first example are entirely ab- 
sent in this one, and the first two segments of the abdomen, 
although present, are so crushed and folded as to be practically 
useless except to prove their existence. The other four segments 
are fairly preserved, and the central spine of the telson and right 
side of the flap are also tolerably well represented ; while parts of 
several of the ambulatory feet can 1k» detecte<l at |x>ints in thc» 
rock. 

No markeil variation from the typicjil specimen can be found 
on this second example. The central or median ridge of the car- 
apace is well marked, and the two halves are slightly disconnecte<l 
along the posterior portion of its length: while the lateral ridge, or 
carination, shown on the type, is strongly marked on the left side 
of the present one, and appears as an elevate<l line, like a line of 
suture. There is also an area of depression extending from the 

* Figures of this and several other criistaceous fossils were distrib- 
uted on an albertype plate, with copies of the descriptions, extracto<l 
from the Amer, Jmir, Sri.j early in 1881, to the number of V-^O copies. 
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anterior margin, at the ix)int of the hiteral angulation, baekwanl 
to the median line, at about half the length of the carapace, form- 
ing a large V-shaped depressed area over this part of the surface 
The ornamentation has been only pustules and pits on the cara- 
pace and segments. 

This specimen is said by Dr. A. S. Tiffany to have boeu found 
in the Kind(»rhook group at Kaskade, three miles west from the 
court house at liurlington, Iowa, in a forty foot be<l of clay shale 
containing nuiny nodules or concretions, one of which this ba^ 
occupied. The type example of the genus and species alH>ve men- 
tioned was found in a concretion, from the Krie shale at Lerov. 
Lake Co.. Ohio, which is probably of the horizon of the riiemuntr 
irroup of New York, thouirh this is not entirelv settled. 



PHYSICS OF MOUNTAIN BUILDING; SOME FU >4- 

DAMENTAL CONCEPTIONS. 

T. Mki.i.mii) Kk.vde, CE. F. (i. S., Park Corner, BlundelKandf, Eiijr. 

One of the most frecjuently urged objections against the theory of 
mountain evolution with which my name is associated* is it« sup- 
posed inadiMpiacy to the production of the re<iuisite lateral pres- 
sure. 1 hope to be able to show that much of this criticism is 
founded upon misapprehension: that it in fact gives more play in 
this direction than any other tluHiry consistent with geological 
facts, at present in the field. 

The fundamental idea underlying all these theories, and then* 
are really very few of them, is that our globe is a cooling spheroid. 
It arises from this, that orographic changes can only occur from 
actual loss of heat by a part of the spheroid, or by redistribution 
<»f heat and pressure relative or absolute. These principles will 
l)ecome more obvious as we proceed in our inquiry. 

Chauifes dinu'tlv brought about bv actual loss of heat, or what 
is calhMl stH'ular cooliuir. have formed the basis of a theory that 
has held the lieM for a verv long time, and when we do not in- 
quire too closely into the reasoning U[)Ou which it is f<mndtHl, or 
iiidulg*' in (puintitative investigation, it meets some of the first 
ii inlnrl conceptions of the sort of an agent retpiired to ctftK't the 
gigantic corrugations seen in some of the world's mountain chain?* 
It has the merit of lieing a simple idea easily graspinl, and tlu* 
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\>ostulates granted, capable of doing an immense a moiiut of work. 
The conception is now pretty generally recognized as fonnded on 
a fallacy, for the nncleus of the spheroid is not cooling, bnt only 
the onter rind to a very small depth while the shell itself is circnm- 
ferentially contracting, except at the actual surface. The result 
*l)eing.as I was the first to point out, that a much less thickness of 
the crust than was generally supposed is in compression. All this 
is matter of recent scientific historvt but for the further elucida- 
tion of the position I have taken up in my '^Origin of Mountain 
Ranges.*' 1 purpose showing that the secular contraction principle 
will only act as a mountain building agent — granting all the im- 
possible postulates recpnred for it — by an expenditure of heat 
and therefore initial energy out of all pro^wrtion to the work 
to l>e done. 

In order to illustrate my meaning and to get the conception 
well into the minds of my readers, I will assume a hanl crust 
forming a shell 20 miles thick of ecpial temperature throughout, 
resting ujKin a heatetl nucleus such as we supix>se obtains at pres- 
ent in our globe. xVssume that this nucleus, cooling only on the 
outer surface to a depth of a few hundred miles, loses sufficient 
heat without in any way changing the temperature of the enclos- 
ing shell, to produce a contraction of 550 feet of a radial bar cut 
out of the nucleus, then in consecpience of the principle of cubical 
contraction the radius of the earth would be reduced bv three 
times this amount or 550x^=1(550 feet.t The hard shell un- 
change<l in dimensions would have to fit itself to the reduced nu- 
cleus either bv thickening or bv corrugation. Let us assume the 
-adjustment takes place by corrugation, then we shall have 
l()50x<'>.2S orlO,IJ(>2 feet of surplus circumference to disjiose of 
in folds measured in any direction oVer a great circle of the globe. 

T have chosen the figure 550 for the purpose of easy compari- 
son because that is the amount of linear vertical expansion that 
wouhl take place in a crust 20 miles thick as assumed in our ex- 
ample^ raised 1000° Fahr. and is therefore an tHpiivalent amount 

♦Origin of Mountain Kaoges, Chap. xi. 

"♦"See Smithsonian Report. Record of Science for 1887 and 1888. 
McGee p. 340. 

JThis is not obvious at first sight, but it arises from tlie circumferen- 
tial stretching of the cooling outer layer over the uncooled portion of 
the nucleus. 

§2.75 feet per mile per 100 Fahr. 
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to the heat lost to produce 550 feet linear radial contraction in 
a cooling globe. 

Let U8 now examine the potenc}' of the opposite principle of 
expansion which lies at the foundation of my theory'. I havc- 
shown that if 10 miles of sediment were laid down on the crust 
of the earth, the underlying strata would be raised 1000® Fahr. 
in temperature by the rising of the isogeotherms, and the bottom 
layers of sediment to the same temperature gradually shading off 
to the normal at the surface. I have taken 20 miles in thicknes^ 
of the under cnist and overlying sediment combined raised 10(»0' 
Fahr. as representing m}* conception of the heating that woiihl 
take place under the assumed conditions. 

I must also ask my readers, to assume that instead of the heat 
being lost, ecjual to the production of such a contraction of the 
earth it is, by some non-conducting covering over the whole earth 
prevented from escaping into space. Under these conditions the 
heat from the nucleus would flow into the assumed shell 20 miles 
thick, until the temperature of the shell and the nucleus lK»came 
ecpuilized. Let us now consider what would be the effect on this 
shell when it was raised 1000° Fahr. in temperature, intercepting 
the pHH'ise amount of heat lost into space in the previous example. 

It is evident, firstly, that if the co-etHcient of expansion wen- 
the same at all temperatures in the shell as in the cooling mass it 
envelopes, the radius of the gloln* would remain the same, if we 
c»onsi<ler the radius as measured to the mean of the irregularities 
of the surface which would certainl}' come into Ijeing. 

Secondly, though the cubic contents of the glol>e wouhl n^uiain 
precisely the same, the redistribution of heat within the mass wouhl 
produce certain stresses and strains which we may easily picture* 
to ourselves. The shell 20 miles thick, if it wen* possible for it 
to rt»ceive this accession of heat and sustain itself as a spiieroidal 
shell, wouhl increase in diameter. Taking the mean <liameter of 
the earth. <»onsidenMl as a sphere at 7912.41 miles,* and the ex- 
pansion 2.75 feet per mile per 100° Fahr., the mean diameter of 
the spherical shell would be increased 7in2. 41 X 27.5^=217.591 
f(H»t — 41.2 miles. Hut it is evident that this could not hap|>en. 
but that the shell nni.st adapt itself to the nucleus, so leaving out 
of account for the present the contraction of the nucleus, which 
wouhl 1h' the same as in the fiiNt example, there will Ik» a surplus 

*Hersch«»l. Outline's of Astronomv. 
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of 121>.HG8 miles over every ii;reat circle of the sphere to di8{)ose 

of in folds. 

Thus we see plainly that with the same loss of energy b}* the 

nucleus, ver}' different effects are produced ; the interception of 
the heat otherwise radiated into space, would provide lateral pres- 
sure by expansion compared to lateral pressure by secular cool- 
ing in the proportion of 129.368 to 1.96, or in round figures 
66 times as much. It is worth noting that any effect in corrugat- 
ing the 20 miles shell produced by contraction in the first example 
would add to and intensify the effect in the second example. 

These two comparisons are given merely as extreme illustra- 
tions to enable others to grasp the essential difference between 
expansion and secular contraction as mountain building agents — 
neither case is reproduced in nature, but both partially so. In 
place of the absolute non-conductor assumed to envelope the 
globe in the last example, put sedimentarj- deposits over a portion 
of it. ITnder these portions a re-distribution of heat occurs in 
precisely the same manner, though in less degree than in our ex- 
ample, for the sediments do not stop all the heat — only a portion 
thereof. The globe goes on losing heat as before, but much less 
under the sedimentary areas than where denudation is taking 
place, or where the condition of the crust is completel}' stationary, 
like in the non-sedimentary depths of the great oceans. It is to 
the relative distribution of heat in the earth and its crust that we 
must look for our mountain building agents and for the recjuisite 
stresses and strains. Some physicists, by a confusion of ideas, 
have supposed, that l>ecause there is no actual increase of heat 
under a sedimentarj' area simply through the raising of the iso- 
geothenns, no mountain building can in this way take place. If 
the idea had been properly thought out the fallacy would readily 
have been detecteci. 

I have dealt with this fundamental idea of the expansion of 
the cnist through the interception of heat that would otherwise 
l>e wasted into space because it underlies my theory of mountain 
formation. I trust my readers will not therefore tiike this part 
for the whole of the theory for the rising of the isogeotherms is 
the initiator If precedent condition only. 

I have descril>ed fully in my Origin of Mountain Ranges an<l 
in the outline of my ''Theory of the Origin of Mountain Ranges 
b}' cumulative recurrent expansion'" published in this niaga//ine 
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Nov. 2, ISin,"-* the manner in whieli the internal forces of the 
eaiHi are tlms unlocked. 

When we come to test physical theories by giHjlogical facts it 
is impossible to ignore the intimate relation that exists between 
sedimentation and mountain formation. It is quite unnecessary' 
for me to dwell ujwn this in an American publication, for it is to 
the lasting credit of American g(*ologists that they were the first 
to establish the fact, and no theory which does not take it into 
account as a first principle will ever l>e likely to establish itself 
as a reasonable explanation. This has been seen by many 
an<l from the time of Sir John Herschel down to the present, 
loading by sedimentation and unloading by denuchition have been 
conRidere<l more or less a vera causa. It do(»s not novi\ deep 
thinking however to see that this can Ik? but a partial explanation. 
It is a machinery that must in the absence of some other opposite 
for(»e evidentlv come to an end — it must run liotrn. Some of the 
geologists of the Indian Survey account for the sup|K>s<*d con- 
tinued rising of the Himalayas in a similar way by the denudation 
of the mountains and the laying down of sediment on their 
flanks and on the (Jangetic plain. At the iKJSt, whatever value we 
may be inclined to attach to the explanation, the Himalayas can- 
not have (tritj'uiated in this manner. It is not a theory of ''•nriijiu" 
but of '^nunntcnancc' and the lateral pressure that it provides. 
is, compared with any form of th<» contraction or expansion 
theories, almost zero. 

Mr. Fisher has lately introduced the concei)tion of a tluid zone 
subject to convection currents. These convection currents flow- 
ing from under the crust under the great oceans are sup]H>se<l to 
drag the crust towards the continents and to pnnluce lateral prt»s- 
sure and mountain folding on their margins. (Jranting all the 
hypothetical conditions nHpiired — and this is gninting a 
great deal — it is ditflcult to conceive how convection currtMits 
which can only originate from ditferences of specific gravity in 
the riuid itself, due to ditferences of temperature, could product' 
the necessarv force, and still less, act continuouslv in certain 
<lire('tions through all the great time occupied in the building of 
a mountain range. A mountain range is too permanent a feature 
of the earth s surface to have originated or been niaintaineil in 
this manner. 

♦Originally published in the Phil. M8<r. 



But perhaps T am unable to do justice to Mr. Fishers views as 
I feel insurmountable difficulties in looking at the i)roblem from 
his 8tandix)int. 

We have now almost exhausted the catalogue of initiatory 
compressive agents invoked by various authors for the prmluction 
of mountain ranges. It remains to consider a final one, nameh', the 
intrusion of molten matter into the crust, and the detrusion and 
throwing back of the upper strata due to the forcing up of tongues 
or folds of the strata below. These agents can. how ever, be only 
secondary effects of expansion or compression, not initiatory 
forces. Nevertheless they play a very important part in the fold- 
ing and building up of a mountain range which I have explained 
verj' fully in the "Origin of Mountain Ranges.'' 

I trust I have now said enough to show that simple expansion 
by increase of temi>erature is by far the most potent of any 
known cause in the production of lateral pressure in the earth's 
crust. If to this we add recurrent expansion and the other 
agencies 1 have endeavored to show from geological and physi- 
cal data are concerned in the building of a mountain range, we 
Jirrive at a satisfactory solution of the great i)r<»blem of the fold- 
ing and elevation of mountain chains. 

Jan. IS. lSi»2. 



NOTE ON THE OCCURRENCE OF ERRATIC CAM- 
BRIAN KOSSILS IN THE NEOCENE GRAV- 
ELS OF THE ISLAND OF MARTHA'S 

VINEYARD. 

By J. B. WooDwouTii, S«iiii»T\ ill»«. Mans. 

In the course of an examination of the dislocated Neocene* strata 
of the island of Martha's Vineyard, carried on under the supervision 
of Prof. X. S. Shaler, for the T. S. (Jeological Survey, during the 
summers of 1880 and 1890, I collected a number of chert peb- 
bles from the white (piartz gravel or 'M)sstH)us conglomerate" of 
Gay Head, and from an outcrop <»f the same age in the village of 
Wi»st Tisbury. Several of these specimens provtMl to be fossilif. 
erous; one from the localitv in West Tisburv contains a fossil 
which, on close examination, is seen to be the zoanthanan coral. 
EthiiHtjtIiifllntH. Meek, (»f the Lower Cambrian. 

*Nec>cene is liere U8e<l to designate the Miocene strata of Gay Head. 
See 10th annual Rept. U. S. Geol. Survey, p. 65. 
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The ticcorapanying diagram. Fig. 1, represents a cross section 
of the coral, the outer wall, where wanting, being indicated by 
the dotted line. The fragment found is (5 mm. in diameter. Fig. 
2 represents a longitudinal section of the inner poriferouj* 
structure. 

This form bears a close resemblance to EihmophylUnn whitntyiy 
Meek,* except that the radiating septa meet the outer wall at a 
much less distance than in the figured specimens of this s|>ecies. 
The numlK»r of septa is alx)ut the same, being at least Ht). Sc>me 



Km. 1 iit drawn twitt* the dianiftfr. 

Fi(i. 2 it* about Ave timt>(t n* Iflnrf a* 
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Fui. 1. Fi«. 2. 

doubt is entt»rtiiined as to the exact CH[ui valency of the numlx^r by 
reason of the partial loss of the outer wall and some of the septa 
in the specimen. 

The pebbles of chert from the osseous conglomerate at ^lay 
Head show less clearly their organic contents, but coralline struc- 
ture has lx»en detecte<l in a number of pebbles. Those* contain- 
ing fossils are of dark blue, almost black chert, are more or less 
roundiMl. smoothened and iK)lished, and range in .diameter fn>m 
half an inch to pieci»s two or three time^ this size. 

Orvurrcnc* of the Pehbh'n: These fossiliferous pebbles have so 
far l>een found by me only in the Neocene beds carrying the 
remains of (V»tacett» and sharks, and in the base of the overlying 
greensand in the places where the osseous conglomerate was par- 
tially or wholly rcH)rganized in the depositi<m of the griH^nsand. 
At (lay Head, the osseous conglomerate is on the average alK>ut 
one foot thick, but in West Tisburv it attains a tliickness 
of at least two. and in some places, three feet, Ijeing apparently 
the fossiliferous upper |K)rtionof the white* sands and clays which 
were de|M)sited upon the plant-bearing Cretaceous lx*ds descrilnMl 
by Mr. (\ I). White, t The numlx>r of these chert pebbles in the 
NtMX'cne gravel IkhIs is relatively small, the ma.ss of the deix>sit 
being coniiM)scMl of (juartz of vein origin. In the (Jay Head se<'- 

*C. D. Walcott: ICHh Annual Kept. U. S. G. S., p. ♦iOl, pi. LV. 

+On (YetaceoiiH Plants from Martha's Vinevanl, Am, Jour. Sfi., (II I > 
\\\i\, 1«K), pp. i»:moi. 
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tioii. perhapn one per cent, of the pebbles in the osseous con- 
glomerate are of chert. 

Im mediate any in of the Chert: The immediate source of these 
fossiliferous Cambrian pebbles is apparently to be found in the 
coarse sands and gravels underlying the Neocene formations. 
The age of these beds has not yet been definitely settled : They 
lie, unconformably, by slight erosion of their upper surface, 
below the marine Neocene or osseous conglomerate, and they 
overlie, without recognizable unconformity, the plant l)earing 
(^retaceous l»eds which include the Gay Head lignites. On 
account of this apparent continuity of de|X)sition succee<ling the 
Cretaceous beds, the sands and gravels may tentatively Ik? con- 
sidereil of the same age. No fossiliferous j^ebbles htive jus yet been 
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Fiu. 4. Correlatiuii section of tlit> ntrata invulved in the (iay llt^nd (liHl(M>uti«)ii, shou- 
imr {M)fiitiun of oH!*eoii9 conglomerate, and Cretaceous jfravelw. 

found in tlie exposures of these Cretaceous sands and gravels, 
although they are probably present in these beds, as is shown by 
the consideration of the origin of the detritus in the osseous 
conglomerate. 

The detritus of the osseous conglomerate appears to have been 
derived as follows: Sometime after the deix)sition of the Creta- 
ceous sands, clays and gnivels, the surface of this fornuition was 
exposed to ablation in a manner to assort out and carry further 
down the coastal slope much of the finer material, leaving behind 
after a short carriage, a stratum of coarse gnivel of the thickness 
previously describeil. That this quartz pebble c»onglonierate at the 
base of the identified Neocene was derived from the underlying Cre- 
taceous l)eds by a sifting process like that justai)peaUHl to. and not 
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by the erosion and (lei)osition of fresli detritus from the granit*.*s 
Uiieisses, saiidstones and other chxstic rooks of the mainland, is 
sliown by the fjictthat no decomposable rocks of feUlspathic com- 
jK)sition exist in the stratum. This view of the origin of some 
of the Tertiary and perhaps earlier Pleistocene gravels of New 
Jersey and liong Island has been advanced by Mr. N. L. Britton * 

It is iK>ssible to trace the (piailz pebbles and associated chert» 
to a previous cycle of dejiosition, in which, liefore the making of 
the Cretaceous IkhIs, the (piartz pebbles with the cherts composed 
the finer, cpuirtzose conglomerates of the middle and lower iK>r- 
tions of the Narragansett coal basin. In the coal l)earing section 
of these rocks, there occur numerous beds which, but for their 
consolidation and black color, closely resemble the Martha's 
Vineyard gravels, the thickness of which is explained by the 
extensive erosion of these antecedent Carboniferous beds. 

Orif/innf ttoiirrr of tin C/terfx: The vein quartz in the Carbon- 
iferous apiKiars originally to have come from the disintegration of 
a terrane thickly set with quartz veins, as Britton has suggested in 
the case of similar ([uartz pebbles in the coast plain of New Jer- 
sey; but the fossilifen)us chert pebbles with identifiable fossils 
clearly i>oint to a more definite iiss<x»iation of rocks. Cherb* 
naturally associate themselves with limestones, though rarely with 
sandstones, tis in the Oriskany, and with shales; but the occur- 
rence of chert pebbles in the lower Cambrian, siliceous limestones 
of Nahant. makes it seem probable that the 3Iartha's Vineyanl 
cherts were also derive<l from a calcareous section of the Olenellus 
Cambrian. As vet the nodules of the Nahant horizon have not l>een 
shown to carry Ethmophyllum and its congeners, yet Louis Agassiz, t 
in 1850, rei)orted finding in them the structure of an Atftretfa. 

The localitv of lower Cambrian nearest to Gav Head is that of 
the red shales of North Attlelx)ro.+ a distance of fifty miles, but 
no nodules have been observed in the Attlel)oix) section. That 
there is in the southern coast of Massachusetts or Rhode Island 
the seat of an extensive (\imbrian section now concealed or 
removed by erosion, is shown by the abundant fragments of (\im- 
brian quartziles found in the coarser conglomerates of the Car- 

♦Ainerican Naturalist, 1875, XXIIl, p. 1038. 

^■L. Airassiz: I'roc. Am. Acad , II, p. 270; also Proo. IJoston S(M'. Nat. 
Hist., Ill, p :J41, 1S50. 

*X. S. ShJiler: On tlie ireoloi^v of the (.'ambrian district of Bristol 
Co., Ma>s. HuIIotiii Mus. Oomp. Zool., xvi, 18S8, p. ]:{. 



boniferous, particiilarl}* on the southern lx>rder. These pebbles- 
carry liingulft? worm burrows, and more rarely pteropod easts. 
They have been found at Dighton,* Mass., in the Xewj)ort con- 
glomerate by Dale.t T have found Lingulae in a (puirtzite pebble 
in the red Carboniferous rocks of Attlelwro, and thev occur in the 
glacial drift on (ra}' Head, Martha's Vineyard. an<l Nantucket in 
great abundance. These (luartzite pebbles however, do not occur 
in the Neocene gravels, their absence being apparently due to the 
relative ease with which their friable material has been reduced 
to sand in the repeated migrations of detritus which have deter- 
mined the nature of the Neocene gravels. 

The finding of these chert pebbles adds nothing to the evidence 
concerning the probable extent of Cambrian de[)osits in this part 
of the state at some time in the past, unless it be to indicate that 
we have to look for an extension of the Calcareous series which 
outcrops near Cape Ann, + at Xahant, and on Mill River, in Wey- 
mouth.^ The general trend of this formation in the direction in 
which we should expect to find the source of the chert pebbles is- 
an incentive to more careful search, which it is the object of this 
paper to foster b}' calling attention to these less easily seen traces 
of the Cambrian sediments and fauna. 

1 am indebted to professor Shaler for kind permission to pul^lish 
the notes concerning this collection of fossiliferous pebbles. 



ISOBASES OF POST-GLACIAL ELEVATION. 

By Bauon' (iERARD HE (iEER. Stockliuliii. S\v«Mler.. 

After the session of the International Congress of Geologists, 
last summer, in Washington, J made a journey of two months 
along the coasts of New England and Canada and inland along 
the St. fjawrence and Ottawa valleys, with the principal pur|K)se 
of determining the limit of the Champlain submergence and the 
amount of the sul>se<iuent i>ost-glacial elevation. The following 
is a brief outline of the results obtained: 

Traces of sea action and marine deposits of Pleistocene age 

*W. B. Rogers: Proc. Bostoa 8oc. Nat. Hist., 1860, Vol. VII, pp. 
:389-91; W. W. Dodge, ibid, Vol XVII, p. 406. 

tT. N. Dale: Proc. Newport Nat. Hist. Soc , 1884-5, Doc. 3, p. 9. 

JJohn 11. Sears: Bulletin, Essex Institute. XXIII, pp. 12-16, 1801. 

§Aug. F. Foerste: Pror. Boston Soc. Nat. Hist.. XXIV, pp. 261-263: 1^89. 
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uljove the present sea level were found only north and northwest 
of a line drawn from some point probably a little north of New 
York city to another between cape Coil and Boston and through 
Nova Scotia. In the northwestern part of Nova Scotia the limit 
of the uplifted marine deposits was found at a height of only 
about forty feet. Starting from this line the marine limit grad. 
ually rises toward the northwest, so that another line, called an 
isobase, drawn through points which have been upheave<l 3(>0 
feet, passes probably from near Niagara falls by Albany. N. Y., 
and Augusta, Maine, to Moncton, N. B., whence it turns back- 
ward, running northwesterly and northerly, crossing the St. I>aw- 
rence estuary about half way between cape Gaspe and the 
Saguena}'. 

The 600- ft. isobase is probably to l>e drawn from Gt*orgian Imy 
pjist the outlet of lake Ontario, through the southern part of the 
Adin^nddcks. and thence east- northeast nearlv to Moosehead lake. 
Here it makes an abrupt bend to the north and west, similar with 
the loop of the 300 -feet isobase at Moncton, and runs first wesl- 
wanl to some iK)int not far from Three Rivers, and thence, turn- 
ing again northeastward, it passes along the north shore of the 
St. I^awrence estuary. The highest directly determined point 
of the former shore line of the submerged area was near Ot- 
tawa, somewhat more than 700 feet above the sea level. 

On the northern slope of the Adirondacks a gravel and sand 
de|x>sit was found, which was evidently formed by a glacial river 
that probably owed its origin to the outlet of lake Iroquois, when 
that glacial lake had sunk from its highest stage and was drainfHi 
l>etwiH»n the Adirondacks and the shrinking land-iccv The level 
of the marine limit in the neighl)orhood shows that the |K>st-glacial 
elevation there has ljei*n no more than three-fourths of the hight 
of the Irocjuois lK»ach. 

When the ice-barrier of lake lro([Uois was removed, it seems 
that the sea must have extended from the prolonged gulf of St. 
Lawrence bv one branch into the Ontario basin; bv another 
through the Ottawa valley and Lake Nipissing into lake Huron, 
unless that pass was still occupied by the land-ice; and by a thinl 
bninch through lake Thamplain down to New York, thus probably 
forming a strait in the Hudson valley. 

The scarcitv or absence of marine fossils in these branches t>r 
inlet ?^ of the sea is closely analogous with the cf>nditions of the 



much larger, brackish Baltic sea at the time of departure of the 
Scandinavian ice-sheet and also at the present day. 

As to the extent and geological nature of the uplift, there is a 
very close resemblance ])etween the conditions in North America 
and Scandinavia. In each country the maximum upheaval has 
taken place in the center of the old Arcluean area of denudation 
which forms the nucleus of the CH)ntinent, and at the same time is 
the tract where the load of the land -ice was heaviest. The 
amount of the upheaval and the ice-load decreased in the sam(» 
<lirt*ction8. Thus the upheaval of the gulf of St. Lawrence was 
less than of the adjoining tracts on the south and north; and 
this accords with the observations of Mr. Chalmers, who has 
shown that the land-ice moved from all sides toward this depres- 
sion, gnidually thinning out there. 

It is also to be remarked that the boundary of the uplifted area 
is pretty nearly coincident with the limit of the last glaciation. 
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ers and authorities in the death of Joseph Leidy, M. D., LL. ]>. 
For the past forty years Dr. Leidy's papers on this su]>ject aver- 
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A. sodalis Shnf. 
Ardea palot'culentalisi Shuf. 
BelonoHomus ornatus Felix. 
Branta propinqna Cope. 
Brontops vaJidus Msh. 
CirnopuH siinplicidens Cope. 
CinwUosaurus snowii Williston, 
Corrus annt'rf/^nn Shuf. 
Cterutcafithus ainhly,riphias Cope 
Fulica minor Shuf. 
Gephyrura geu. nov. Cope. 
G, concfntrica Cope. 
Jfybo(hts refjuhirh Cope. 
fj^truH onf/onus Shuf. 
L. robujituH Shuf. 
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^'. Iniiihtiiina Cope. 
Titanitps imdiuH Msh. 
To/osnurns gen. nov. Msh. 
7'. f/ladius Msh. 
7'. ffitns MsIj. 
Trir4 ratopH rfatus Msh. 
7'iiotty.r ffttroptttafnirt/s Cope. 
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OBSERVATIONS ON LLAMA REMAINS FROM COL- 
ORADO AND KANSAS. 

By F. W. CiiAoiN, Colorado Springo, Col. 

ReHtricting the genus, Amlwnia, to llama- like forms having the 
premolar formula f, and considering that the dentition of A. 
rali/orniat (Leidy) is unknown, the transfer of A. jH'sttrna 
(Leidy) to the genus. IloIoimnisvvs, which Cope* has suggested 
on the ground of the prohahle absence of Pm. :J,t has rendered 
it doubtful whether any of the west American Camttitla helonj; 
to ' A iivli ( H ill proper. 

I am indebted to Mr. R. C. Hills, for opportunity to study the 
remains of a cameloid form obtained by him from volcanic ash- 
l>efls on a small tributary of the Huerfano river, in Huerfano 
county, Colorado. These remains, which are now deposited in 
the cabinet of the Colorado Scientific Society at Denver, include 
considerable portions of lK)th maxillaries and mandibles and more 
or less jK»rfect contained teeth, with various other parts of the 
skeleton, and pertain to a true Anclnnia, the molar dentition 
presenting the formula Pm. f, M. I. 

1 was at first inclined to identify this Anrhtnui with A. histfina 
Jjeidy; but geographical an<l some other considerations seem to 
render it more probable that Cope's identification of the maxillary 
in the Condon colli»ction from the Oregon desert with that species 
is correct; and it is certain that that maxillary, as descril)ed, 
represents a different species from the Huerfano county Anchcnin^ 
whether Copes inference of the absence of Pm. 3, and his con- 
sequent reference of the specimen to the genus, Hohnmnisrus, be 
justifiable or not. 

The (jregon desert maxillary is deseribe<l as having the Pm. 4 
anteriorly attenuated, and this to such an extent as to render it 
•'almost ct^rtain that there was no third premolar in front of it." 
In the Huerfano specimen, there is a well developed two-rootcnl 
antero-posteriorly elongate Pm. 15, while the large three-rooted r*m.4 
is two-rooted anteriorly and has its crown in the form of a (piadrate 
prism, the grinding surface pn^senting a single large crescentic la- 
cuna. In form, thethii-d and fourth superior i)re-molars thus have 
sonu' general resemblance to those of IVnramrfns orruh Hfafis. 
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tlnferredfrom the anteriorly attenuated Pm. 4 in a superior maxillary 
fragment from the Oregon desert, believed hy Prof. Cope to pertain to 
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In the Oregon maxillary, the posterior palatal foramen '^issue^ 
opposite the fourth premolar's internal root." In the Huerfano 
specimen, it opens opiK>site the anterior part of the posterior root 
of the first true molar, or opposite the middle of the molar. 

In comparing the Huerfano specimen with Leidy's type of A. 
heMerna^ it will l>e noticed that the fourth inferior premolar in the 
former is, relatively to the adjacent first molar, larger than in the 
latter, and that, in form, it more closely approximates a triangu- 
lar prism or wedge; features which are apparently onh' in part 
due to the somewhat more worn condition of the premolar of the 
Huerfano specimen, by reason of which (condition, however, the 
lacuna of the grinding-surface is closed instead of lK»ing ojk'Ii 
posteriorly as in hesttenm. 

The strongly recurved ix)8terior fifth lobe of the last upper 
molar, in the Huerfano specimen, is but moderately developed; 
for, though the tooth has reached a more advanced stage of wear 
than has the last fower molar of Leidy's type of heaternn, it does 
not contribute to the area of the grinding-surface, but lH»comes 
obsolete before reaching the plane of the latter. 

Whatever may be the final generic dis|)osal of the Californian 
ht'iftrrna, and of the Oregon desert maxillary, the present s|)eci- 
men is a true Anchenui. It lacks, however, the "compression- 
folds' seen on the lower molars of recent llamas. Its size was 
closely approximate to that of {/nohnncniscttH) heiUrnn^ fn>m 
which the available data indicate that it is probably distinct. The 
sj)ecies may be known as Ancheuin fntcr/nnrjisin. 

I append the following measurements: 

Inches*. 
Mandible, from ayniphysis to posterior border (latter / -► 

taken at three inches below infra-eondylar hook) N * 

Elevation of summit of coronoid process above in- ( .^ 

ferior border of mandible ) 

Depth of mandible at postsymphyseal constriction .... 1.8 
Same at posterior edge of alveolus of first true molar. . 2.8 

Inferior post-canine diastema 3.8 

Antero-posterior diameter of grinding surface of sec- ( ^ 

ond true molar \ *^* 

Transverse diameter of same 1.125 

Antero-post. diam. grind'g surf, third true molar 1.5 

Transverse diameter of same 1.18 

Major diameter of acetabulum 2.75 

Minor diameter of acetabulum 2.5 

lireadth of cannon bone at distal extremity 3.6 

F^ength of first phalanx 4.4 

Breath of same at proximal extremity 1.62 

Breadth of same at distal extretnity 1.25 
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Some cameloid remains obtained by Mr. E. D. Smith and tlie 
writer, from loess-marked volcanic ash-beds southwest of Meade 
Centre, Kansas, are also apparently referable to Auvhenia hiur- 
fanennis. Most of these, including a second or third lower molar, 
vertebral and femoral epiphyses, etc. , pertain to a young animal, 
but there is a proximal half of a first phalanx which, placed side 
by side with the first phalanx of the type of Auchenxa hun-fan- 
ensis, tallies with it perfectly in size and proportions. 

A canine with gently curved, conical, and bicarinate crown, 
found with this phalanx, and which, therefore, may Ijelong to the 
same species, or even individual, has the enamel thick and smooth 
on the outer, longitudinally grooved or striated on the inner face. 
The axis of its crown makes nearly a right angle with that of its 
root, indicating a long post-canine diastema. The two strongly 
compressed and elevated carina? are formed largely (their crests 
entirely) of the thick enamel-layer of the outer face, and are in- 
wardlv recurved. 

The length of the rectified canine, as preserveil, is about two 
inches — to which perhaps a fourth of an inch should be adde<l for 
the tip, which is broken off. The length of the root is 1.1 inch. 
The transverse diameter at base of crown is .4 inch; the antero- 
posterior diameter at same, about 5.5. The hight of the poste- 
rior carina at base of crown is about .1 inch, that of the (broken) 
anterior carina being apparently a little greater. 

The capacious shovel-shaped crown of a lower incisor found 
with the preceding, and marked with a semicircular depressed 
area on the distal half of its upper face, may or may not belong 
to this or another Auchenia. It is a first or * *pincer, " canine, and 
its maximum or anterior width is .75 inch. The rather thick 
enamel of the front or lower face of this tooth is marked with 
fine undulating striieform grooves as in the incisors of the ox. 

A cameloid metapodium from '*old river gravel' at Denver, 
Colorado, and two first phalanges from the ''Denver loess," col- 
lected by Prof. Geo. L. Cannon, indicate animals somewhat larger 
and stouter than those indicated bv anv of the remains alx>ve 
noticed, but which, as their teeth are unknown, cannot yet be de- 
termined. 

The metaiKKlium is 14. l.'J inches in length and. distally. :>.S 
inches in breadth, the articular extremities, as well as the shaft, 
l)eing stouter, in relation to the metapodium of Aitc/if uia Imt r- 
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faiu nnis^ than the rehitive breadtlis of the two speeiiiiens would 
iiKlioate. One of the fii-st phalanjres has a length of 4.(> inches, 
a breadth proximally of 1.75 inch, and distally of 1.5 inch. The 
other, represented by tlie proximal half only, has a maximum 
breadth of fully 2.1H inches. These phalanges are not stout 
throughout, but expand somewhat suddenly from a comparatively 
narrow cylindrical shaft to the upi)er extremity. 

The volcanic ash-beds which have yielded the tyj)e of Anvlunia 
hiier/antnifis are regarded by Mr. Hills a« Pliocene. Teeth of 
Eijiniif^ too much worn to admit of identification, occur in the 
same deposit**, which in all probability represent the *«E<iuus 
beds." Hut whether all of the so-calU»d '*K(iuus beds" Ixdong in 
reality to one epoch, is a matter still to l>e determined. 

In his monumental work on Lake Bonneville,* Prof. Gillnrt has 
produced evidence which seems to definitely establish the fact 
that some of the ''Kcpius beds" are (Quaternary. On the other 
hand. Mr. Hills finds the ash-beds of the upper Huerfano drain- 
age overlaid with a conglomerate which he provisionally l>elieves 
to l)e identical with conglomerates not far distant, and which are 
overlaid by true morainal deposits. 

The results of further field-work, which Mr. Hills hopes to 
prosecute in cpiest of the solution of the age of the Huerfano 
volcanic ash-beds, will lx» awaite<l with interest bv all stu<lents of 

ft 

stratigniphic geology. 
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One of the most iniix)rtant contributions from American geo- 
logic exploration to stimulate similar research in Kurope, is the 
tracing of the series of terminal moraines across the northern 
I'nited States (hiring the past fifteen yeai*s by (^hamberlin, Smwk, 
rphani, Wright, Lewis. Salisbury. Leverett. and others. The 
interest of Kurop<'ans in this class of drift deposits was greatly 
increased in 1HS<; and 1S87 by the discoverv and mapping of ter- 
minal moraines in Kngland. Wales and Ireland, by the late Pn»f. 
11. Carvill Lewis, and in (Jermanv bv Prof. K. I). Salisburv. 
.Vnother point in which Lewis was in advance of most of the 

♦Monograph I, l- ^- (^'eolo^ical Survey, l8tK), chapters vi and ix. 
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British geologists, is the origin of the shell-bearing drift deposits 
at high levels on Moel Tryfaen, and in other parts of northern 
Wales, Cheshire and Lancashire, which Lewis attributed, follow- 
ing Belt and Goodchild, to transportation by an ice-sheet which 
moved from Scotland and northern Ireland southward across the 
l^ed of the Irish sea. The work of glacial investigation by Lewis 
in Kngland, which was left unfinished by his lamented death, has 
been taken up with earnestness by many workers under the name 
Northwest of England Boulder Committee, of which Prof. Percy 
F. Kendall, of Stockport, Kng., is secretary. In a paper before 
the Boston Society of Natural History, March 2, Prof. (I. F. 
Wright described the work of this committee, and the admirable 
generalization of Prof. Kendall, now fully demonstrated, that 
wherever the shells, mostly fragmentary, are found in the drift at 
great elevations, there are also boulders from rock outcrops north- 
ward of the Irish sea, brought by the ice-sheet which gathered 
thc^e shells from the sea bed. The ''great submergence" of parts 
of Great Britain, which was supposed to have taken place during 
an interglacial epoch, is thus shown to be a needless and erroneous 
assumption. 
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27<f CauM of an Ice-Age^ by Sir Robert Ball, Royal Astronomer of 
Ireland. D. Appleton & Co , 1891, pp. 180. 

The discuBsioQ of the cause of an Ice-Age is prefaced in this little 
volume, by a brief statement of the records left by the ice, and by a 
statement of the nature of glacial and ^^genial"' periods As indicated 
by the title, the vital part of the volume is the discussion of the cause 
of glacial climate. This discussion consists of a brief exposition of the 
astronomical hypothesis, — with amendment. Sir Robertas amendment 
to the astronomical hypothesis, as it has commonly been stated, may best 
be given in his own words, set in contrast to the general statement of the 
effect of varying eccentricity of the earth's orbit given by llerschel, and 
quoted by the author (p. 116). ***Supposing the eccentricity of the 
earth's orbit was very much greater than it actually is, the position of 
perihelion remaining the same, it is evident that the characters of the 
seasons in the two hemispheres would be strongly contrasted. In the 
northern we should have a short but very mild winter, with a long but 
very cold summer, i. <»., an approach to perpetual spring, while the 
southern hemisphere would be inconvenienced, and might be rendered 
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uninhabitable, by the lieree extremes caused by concentrating half the 
annual supply of heat into a sammer of very short duration, and spread- 
ing the other half over a long and dreary winter, sharpened to an intoler- 
able intensity of frost when at its climax, by the much greater remote- 
ness of the sun/ "* 

Sir Robert would modify the latter part of the foregoing statement of 
Herschel as follows: **In the northern we should have a short but verk' 
mild winter with a long but very cool summer, i. e,, an approach to per- 
petual spring; while the southern hemisphere would be inconvenienced 
and might be rendere$l uninhabitable by the fierce extremes caused by 
concentrating sixty-three per Mnt. of the annual supply of heat into a 
summer of very short duration, and spreading the remaining thirty-netrn 
per cent, over a long and dreary winter, sharpened to an intolerable in- 
tensity of frost when at its climax, by the much greater remoteness of 
the sun." (p. 118.) 

The new law which is thus announced is elsewhere stated as follows: 
**Under all circumstances and on either hemisphere 63 per cent, of the 
total heat of the year is received during summer, so that only the re- 
maining 37 per cent, is left for winter, (p. 119.) * * * The}' (these 
figures) would remain the same however the dimensions of the orbit be 
altered, however its eccentricity be altered, or in whatever direction the 
))lane of the earth^s eijuator may inte rsect the plane of the earth's revo 
lution around the sun." (p. 121.) 

The effect of this modification of the law governing the distribution 
of heat during summer and winter during varying eccentricities of the 
earth's orbit, cannot fail to greatly modify the conclusions as to the 
climatic effects which varying eccentricity is competent to produce. 
And the author does not fail to make the most of the situation. 

It is calculated that during the time of high eccentricity when the 
summer lasted for 166 days and the winter for 199 (winter in aphelion), 
the ratio between the amounts of heat received daily in winter and in 
summer, is expressed by the figures .68 and 1.38. This difference, it is 
argued, could not fail to produce a glacial epoch. So sure is the author 
of his conclusion that he says, **perhaps it would hardly be an exaggera- 
tion to assert, that even if geologists had not hitherto discovered the 
Ice Age from its records on the globe's surface, astronomers would have 
<iomonstrated by calculation that Ice Ages must have happened, and would 
even now be urging the geologists to go and look for their traces." (p. 43). 

Sir Robert dissents from some of the conclusions of Croll concerning 
the change in position whicli the gulf stream would suffer, "as a conse- 
quence of the transference of the glaciation from one hemisphere to the 
opposite." The doctrino of the recurrence of ice epochs, alternating 
with (>a(*h otlier in opposite hemispheres, is a necessary result of the 
position taken by the author. The geological evidences of the truth or 
falsity of the hypothesis advocated, are not discunsed. 

Crodoyieal Survey of Kentueky ; Report on the occurrence of peiroUum^ 

♦Herschel. 
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natural gas and aaphalt rock inweMern Kentucky^ Edward Orton, pp. 233, 

Frankfort. 
Geological sections and maps. Report submitted April 2, 1801. 

This report contains a review of the prominent theories of the origin 
of petroleum and natural gas, its geological relations, and the phe- 
nomena of the different oil fields, methods of utilization, its physical and 
chemical properties. It is based on the observations made by professor 
Orton in Kentucky, in the seasons of 1888 and 1889. The geological 
structure of western Kentucky is discussed, and illustrated by a section 
from Owensboro to Frankfort. This is followed by a brief history of the 
development of petroleum and its products in the state, included in the 
district reported on, each county or district being trc*ated separately. It 
is a valuable report for the state, and will have numerous readers. 

On the Ijower Devonian Fi%h-¥aunn of Campbellton, New JiruTmujirk, by 
A. S. Woodward F. G. S., (Geol. Ma2., iii, 9, Jan. 1892, pp. 16) 

The author describes a number of fishes which were collected during 
1991. There are described one new genus, Protodun, which is named 
from detached teeth only, and is an elasmobranch, and three new species, 
ProtofhiK jexi, Diplodus problematicus^ and Acnnthodes semistriatus. 

On the C/uiractet'H of Some Pah^ozoic Fhhen, by E. D. Cope. (Proc. U. S. 
Nat Museum, Vol. xiv, pp. 447-463, No. 866.) 

This valuable paper is divided into seven sections, each complete in 
itself. In Part 1, Prof. Cope announces and describes a new elasmo- 
branch genus from the Permian of Nebraska. The genus is named from 
a single tooth, which resembles in some respects Oxyrhina and Dendro- 
du8. He thinks it belongs to a cladodont shark and has named it Styp- 
tobjsin knifjhtiana^ after Mr. W. C. Knight, who found the tooth and de- 
termined the formation. Styptohamis knightiana "was a large shark of car- 
nivorous habits and its presence indicates the existence of a marine fauna 
whose remains have not yet been discovered." 

Part II. On New IchthyodoruHteSj in which are descriljed HyboduM rey- 
ularii from the Triassic of Baylor Co.,Texas, and Ctenacanthun amblyjriphian 
from the Permian of Texas. 

Part III. On the Cranial Structure of Macropetalichthytt. In this article 
MaeropeialichthyH rapheidolahis Owen is compared with Coccosteus, Di. 
nichthys, etc. It is allied to Dinichthys and referred to the Placoder- 
mata (Arthrodira). "The general resemblance of Macropetalichthys to 
the Arthrodira renders it almost certain that it possesses a lower jaw 
and that it is a member of that order." In his synopsis of the families 
of vertebrata (Am. Nat. 23, p. 856), Prof. Cope included this order (Placo- 
dermi) in the Crossopterygia on the supposition that they possessed a 
maxillary arch and suspensorium. In a foot note to page 856 of his 
synopsis he adds: "The position of this order is not yet certain." In 
this present paper he announces that A. S. Woodward in his catalogue, 
has placed Placodermata in the Dipnoi, thus indicating the absence of 
maxillary arch and suspensorium. The structure of the skull of Ma- 
cropetalichthys tends to confirm this. Newberry and others have allied 
Macropetalichthys to the sturgeons; the author concludes that the Arth- 
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rodira cannot be placed near the sturgeons on account of the structure of 
the pectoral t^ns, and the cranial structure which has no resemblaDce to 
that of those fishes. 

Part IV. In this part is described the first known specimen of the 
pectoral spine, almost complete, of Holonema rugoBa Claypole, from Man^i- 
field, Tioga Co., Pennsylvania. The spine is without complete segmen- 
tation, differing in this respect from Bothriolepis and Pterichthys. The 
spine is continuous to the apex, thereby constituting a generic distinc- 
tion between Holonema and Bothriolepis. Length 54 mm, base width 11 
mm, middle 7 mm. 

Part V. On the Pairetl Fin^ ofMegaliehthys niiidxu Cope. In this paper, 
the author, after announcing the provisional withdrawal of his genus 
Ectosteorhachis (Megalichthys) (Proc. Am. Phil. Soc.,1880, p 56) gives^ 
a study of the paired limbs and concludes that it is probably intermediate 
between Ceratodus and Pterichthys and possibly Arthrodira. The limb 
structure does not resemble either Polypterus or Ceratodus. 

Part VI. On the Non-Actimtpterygian TeleoBtoini. This is practic%lly 
the same paper which appeared in the Am. Nat., 25 May, 1801, pp. 470- 
481. 

In Part VII the author describes two new species of Platysomidu', P. 
palmar is from the Permian of S. Indian Territor>' and P. lacociantu* from 
the Coal Measures of Mazon Creek, 111. 

Stratigraphy of the Bituniinotm Coal Field of Pennsyltaniaj Ohio, tti,f! 
Weill Virginia, By Israel C. White, pp. 212; with a folded map, 10 
other plates, and 152 figures of sections in tho text. (Bulletin No. 65, 
U. S. Geological Survey, 1801. Price, 20 cents.) 

The classification adopted in this report partly preserves the subdivigi- 
ions and nomenclature of the Brothers W. B. and H. D. Rogers, addin.ir 
thereto sijch new features as now seem necessary from the present 
wider and more detailed knowledge of the coal-bearing strata. The en- 
tire Carboniferous system of the Appalachian region comprises three 
grand divisions, founded on the conditions of their deposition. The 
lower division is exclusively marine; the middle division consists of 
shore deposits, interrupted by incursions of the sea, and includes the 
lower Coal Measures: and the upper division embraces only fresh and 
brackish water deposits, including the upper Coal Measures and the 
Permo-C'arboniferous series of Dunkard creek. Professor White here 
descrilies the outcrops and stratigraphy of the five series into which the 
Upper and Middle Ca boniferous are subdivided. Many interesting 
<luestions in ronnection with this work are reserved for discussion when 
the remainiui; southern half of the Appalachian coal field shall have 
been more fullv studied. 

Oft a ///•'/»/// of coli'aitii' rtn'ktt from the Ttiran .\f<pnntain», Nt:W Mexico^ and 
on thf orrnrniic* of primttry (/uartz in rertain haHaltn, \\9 Joseph P. Iii- 
DiNos. pp. :M (Bulletin No. 66, T S. Geol. Survey, 1800. Price 5 cents ) 
The volcanic series of the Tewan mountains shows a gradual transition 
from rhyolites through andesitic rocks to basalts, ranirinir thus from one 
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extreme to another in mineral composition. "The whole series," accord- 
ing to Mr. Iddings, in his summary of this investigation, "is character- 
ized by a variable amount of porphyritical (luartz in rounded grains, 
which is very noticeable in some of the basalts. These quartzes are 
primary secretions or crystallizations from the molten magma, and ex- 
hibit no definite relation to its chemical composition, being present in or 
absent from rocks of similar chemical composition. Their production 
16 to be referred to certain physical conditions attending some earlier 
period of the magma's existence. From analogy with the occurrence of 
iron olivine in rhyolitic obsidian, it seems probable that the formation 
of primary quartz in basalt took place through the influence of water- 
vapor while the magma was under considerable pressure '* 

Oil a kite cofranic eruption in Northern California^ and itn peritfiar lata. 
By .1. S. DiLLKU. pp. 83: with seventeen plates, and four figures in the 
text. (Bulletin No. 7», U. 8. Geol. Survey, 1891. Price, 10 cents.) 
Basalt enclosing abundant quartz grains, closely like that described by 
Mr. Iddings in the Tewan mountains, is found by Mr Diller to have 
been very recently erupted at the Cinder Cone, ten miles northeast of 
I.»assen peak in northern California. An explosive eruption, ejecting 
bombs, lapilli, and volcanic sand, formed this cone about two hundred 
years ago, as shown by trees whose dead trunks still project through the 
lava that flowed out from the base of the cone before the explosive ac- 
tion ceased. Afterward a period of inactivity probably lasted a century 
or more, as shown by like deposits which overlie the volcanic sand and 
are covered by a second lava flow. The eruption of this latest lava oc- 
■curred probably somewhat more than fifty years ago and was not accom- 
panied by any explosive ejection of fragmental material, the cone being 
undisturbed except at the point on its side whence tlie molten lava is- 
sued. 

The Cinder Cone rises very steeply to a hight of G40 feet and has an 
iiverage diameter of 2,000 feet at its base and 750 feet across its top, be- 
neath which the pit of its crater sinks 240 feet. The later lava, occupy 
ing an area three miles long and having an average thickness of nearly 
a hundred feet, was extremely viscous at the time of its eruption, and 
Its cooling crust was repeatedly broken up by the moving mass beneath. 
Its surface therefore is composed of sharp, angular blocks, loosely piled 
together, which were shoved along as a huge stone pile. 

The explosively ejected fragmental lava of the earlier eruption and 
both the earlier and later lava fiows contain (juartz grains, which 
fre(juently are so large and abundant as to give a porphyritic structure, 
though more generally they are small and inconspicuous. Their aver- 
ane diameter is about one-thirtieth of an inch, but very rarely they are 
found over an inch in diameter. All of them have been greatly modi- 
fied, apparently by the corrosive action of the magma, and each grain is 
encircled by a shell of granular, acicular augite, which is separated 
from the quartz by a film of glass. The author concludes that the 
^luartz l>ecame crystallized in the magma before its eruption. 
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This valuable paper is illustrated by numerous views of the scenery of 
Cinder Cone and its adjacent tracts of lava. 

Tlw relatiowt of the Trapa oftfte Newark system in the If etc Jersey rtgioH. 
By Neij^on Horatio Dartox. pp 82; with a folded map, 5 other 
plates, and 49 figures in the text. (Bulletin No. 67, U. 8. Geol. Survey. 
1890. Price, 10 cents.) The traps of the Triasslc area in New Jersey 
are found to belong to two classes. The most important class comprises 
extrusive sheets or overflows, three of which constitute the Watchun.!; c r 
Orange mountains, curved in their outcrops on account of flexure of the 
enclosing strata. In the second class, comprising intrusive sheets and 
dikes, the Palisades, forming the west shore of the Hudson, are the 
most conspicuous example. Mr. Darton concludes that the eruptions 
producing the Watch ung trap sheets were doubtless similar to those of 
some of the great lava-flows west of the Rocky mountains, which during 
the later Tertiary and Pleistocene periods appear to have welled forth 
from long fissures, without the formation of craters or the ejection of 
fragmental materials. 

Earth*iuakes in Califoniin in 1881). By J £. Kkelrr. pp.25. (Bulle- 
tin No. 68, U. S. Geol. Survey, 1890. Price, 5 cents.) This paper is a 
continuation of the notes of earthquakes in California to the end of the 
year 1888, previously published by Prof. E. S. Holden. It describes all 
the shocks felt at the Lick Observatory on Mt. Hamilton, with others oc- 
curing elsewhere, so far as known, in the state. Forty-one days durini: 
the year 1H89 had shocks which are here recorded. 

A cl/iMsnl and annotated Bibliography of FohsU Insect*^ pp. 101 — Indtr 
to tlie knoion Fossil In^vctn of the Worlds including Myriapods ami Araeh- 
nids. pp. 744. By Samuel Hubbard Scuddek. (Bulletins 69 and 71, T. 
S. Geol. Survey. Prices, 15 and 50 cents.) The writings of more than 
rtve hundred authors are cited in the first of these papers, with concise 
descriptive notes. In the second, the bibliography of each known fossil 
species is cited in chronolo^iic order. The Pahi*ozoic, Mesozoic, and 
Cenozoic eras are taken up successively, and in each of these time divi- 
sions the principal classes are separately presented; but under each 
class the ireneric names, and under tliem the specific names, are ar- 
ranged alphabeti<'ally. 

On tht Hear Hittr Formation^ a Scries of Strata hitherto knoicn </* tht 
Hear Jiivcr Laramie. By Charles A. White,— and Thr Stratigraphie 
Ponition of the lie/ir Hirer Formation. By T. W. Stanton. {Am. Jo^ir. 
Sci., Vol. XLIIL Feb., 1892, pp. 91-115.) 

These two interesting papers add another link to the chain of our 
knowledge of tiie age of the non-marine formations whicli were form- 
erly grouped under the one name "Laramie." 

Dr. White, in his paper of seven pages, gives a short historical sketch 
of the work that has been done on the Bear Kiver formation, from it* 
discovery in southwestern Wyoming, by II. Kngelman in 1859, who, with 
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F. B. Meek, referred it on fossil evidence, to the Eocene Tertiary. From 
the above date to 1876, these beds were continuously designated by 
Messrs. Meek, Hayden and other western geologists as Tertiary, an<l 
then, on Mr. Clarence King^s general map of the 40th parallel, they were 
included in the Laramie, where they have remained without question, 
except for a few lines in Dr. White's Review of the Cretaceous of North 
Ameiica, in which he comments on the peculiarity of the fauna, and 
states that pending investigations may show that the beds may occupy 
an altogether lower position than had heretofore been generally sup- 
posed. The result of these investigations is said to be *Hhat the strata 
which have hitherto been known as Bear River Laramie, are not only not 
referable to the Laramie formation, but that they occupy a lower posi- 
tion, being overlain by marine Cretaceous strata, the equivalents of which 
are known to underlie the true I^ramie." 

In this connection it may be stated that the Canadian geologists have 
for some years been recognizing a series of fresh— or' brackish— water 
sandstone terranes of a character precisely similar to the Laramie inter- 
bedded between typical marine Cretaceous shales of Montana or Colo- 
rado age. Of them the Belly River series has been traced northward from 
the international boundary line to the vicinity of the North Saskatche- 
wan river: and the Dun vegan series has been found for a considerable 
distance on Peace river underlying marine shales holding characteristic 
Pierre (Montana) fossils. This latter sandstone series is also stated l)y 
Mr. J. F. Whiteaves in the report of the Canadian Geological Survey for 
1879-80, pp. 115 B, and 119 B to contain a Cyrena (Corbicula?) "with out 
line very like that of C. durkeei of Meek'' and Corbula pyriformisy 
from the Bear River series of Wyoming. Assuming these identifica- 
tions to be correct we have in the far north an undisturbed sandy non- 
marioe terrane intercalated in the marine Cretaceous shales, holding 
two of the same species of fossils as the Bear River formation, and 
occupying a position approximately the same or but a little above that 
assigned to it by Dr. White and Mr. Stanton. 

Mr. T. W. Stanton, in his paper of eighteen pages, gives the strati - 
graphical evidence of the position of the formation as obtained from 
four typical sections in southwestern Wyoming, in all of which the 
beds are highly inclined, folded or faulted, and in places overlain by 
nearly horizontal Wahsatch Tertiary. Mr. F. B. Meek's original section 
on Sulphur creek is first given, and there it is shown not to be continu- 
ous from the Colorado subdivisions of the Cretaceous to the Bear River 
formation, as w^as originally supposed, but to include at least two sections 
of the latter terrane, between which lie beds as low down as the Juras- 
sic, from all of which characteristic fossils were obtained. 

Finally in a table of formations the Bear River is designated as a series 
of *'very fossiliferous argillaceous and calcareous shale, alternating 
with thin beds of sand<>tone,'* and is placed between the '^shales and 
coal-bearing sandstones'" of the Colorado, and the *'conglomerate8 an<l 
coarse sandstones** of the Dakota? 
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yoU% to accompany a 2'abuUition of the Igneous Rocks based on Vu Sp- 
tern of Prof, II. Hosenhusch. By Fuank D. Adams. {Can. Rer, Sn.^ Vol 
IV, No. », Dec, 1891, pp. 463-469, with table.) 

lu the present transitiou stage of petrographieal classification* it i» 
a difficult matter to lay before the student a scheme for the determiiu 
tion and classificatiou of rocks in which their relations to each other a» 
brought out by their mineral and chemical composition are shown clearij 
and concisely. Such schemes or tabulations are usually too much bur 
dened with unimportant details and doubtful sub-divisions which onlv 
serve to confuse and bewilder those using them. In the table accom- 
])anying these notes, Mr. Adams has succeeded admirably iD presenting 
a classification of the igneous rocks based on that of Prof. H. Roeen 
busch of Heidelberg, which is wery simple, an<l may be readily compre- 
hended by beginners in petrographieal work, whilst at the same timf 
nearly all rock names of real importance are included in it. 

The author points out that although there has recently l>een a strong 
tendency among petrographers to consider rocks from a chemical fctand 
])oint, yet a purely chemical classification presents many grave difficul- 
ties, and therefore that mineralogical composition, and structure mutt 
still play an important part in any scheme which is to l>o generallr 
adopted. 

In his table the igneous rocks are first classified in three hori7.ontal 
columns, headed "Abyssal (Plutonic) Kocks,'' "Dyke Rocks," and **Effn 
sive (Volcanic) Rocks," the characteristic structures of each of theee 
groups l)eing given. 

The table is also divided into eight vortical columns according to the 
mineralogical and chemical composition of the rocks, headed, ^'Alkali 
Feldsi)ar Rocks," "Alkali Feldspar- Nepheline (or Leucite) RockA.** 
"Leucite Rocks," "Nepheline Rocks," "Melilite Rocks," '^LimeSodt 
Feldspar-Nepheline (or Leucite) Rocks," "Lime-Soda Feldspar Rocks." 
and "liocks containing no Feldspathic constituent." 

The rocks are then subdivided according to their bisilicates and micas. 
further subdivisions being made in the more acid ones by the presence or 
absence of quartz, and in the basic ones, the presence or absence of olivine. 

Briefly summarized the more important points to l)e noted in connec 
tion with the table are: 

1. In a general way the classification is a chemical one, the rock« 
decreasing in acidity from left to right of the table. The prin- 
cipal exception is the Nepheline, Leucite and Melilite rocks. 

2. Several of the rock groups are given positions which difr«>r 
from those which they occupy in Prof. Rosenbusch^s book, the 
object being to more clearly bring out their chemical relation- 
ships. As examples may be mentioned the Nepheline, leucite 
and Melilite rocks, placed immediately after the Orthoclase 
Nepheline (or Leucite) rocks; the Diabases, here classed with 
the volcanic rocks: the Finguaites, Alnoites, and some of the 
Ac mite Trachytes which will be found among the Dyke rocks. 

Tlie Pyroxene rocks are separated from the Olivine rocks, and 
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erected Into a new group — the Pyroxenites, a name given by the 
late Dr. Sterry Hunt to certain non -feldspathic rocks differing 
in origin but having a pyroxene as the principal constituent. 
.*i. Several gaps in former tables have been filled in with recent 
discoveries, such as Malchite, a dioritic rock correspondinc: to 
Aplite; lolite, corresponding to Nepheline Basalt, but contain- 
ing girnet; Fourchite and Monchi(|uite Lamprophyric dyke 
rocks of the Theralite series. 

Little stress is laid on the division of the Volcanic rocks into older 
and newer, but it is still retained. In the subordinate classification 
many names, based merely on structural differences in the rocks, have 
been omitted, e, </., Nevadite, granopbyric, etc. The typographical 
features of the table are excellent, the relative importance of the various 
divisions being clearly brought out by the use of several kinds of type. 

Important rocks are indicated by heavy-faced type, and when a rock is 
a mere variety of the preceding one, the type is shifted to call attention 
to the fact. 

The author draws attention to the fact that although Kosenbusch^s 
group of the Dyke Rocks has called forth much adverse criticism, yet 
this group has certain claims for recognition, and it is therefore retained, 
the three series of "granitic," **granitic-Porphyritic," and "Lampro- 
phyritic" Dyke rocks, into which it is divided, bein«r separated in the 
table by spacing, not by lines. 

In conclusion, the author acknowledges valuable help and suggestions 
received from Profs. Uosenbusch, Geo. H. Williams, and the late Dr. J. 
Francis Williams. 

Report on tlu Sudbury Mining District, Canada, By Dii. Robert Bell, 
Assistant Director, Geological Survey. This rei)ort is the result of three 
years work by Dr. Bell, assisted by Mr. A. E. Barlow and others. It is 
accompanied by a fine map, geologically colored, covering an area of 
72 by 4^ miles, equal in extent to about four counties. In doing this 
geological work Dr. Bell and his assistants had not the advantage of a 
settled or surveyed region, but were obliged to do a large proportion of 
the topographical work as well, and to contend against the disadvantages 
of a difficult forest countr}'. The map was compiled under the super- 
vision of Mr. Scott Barlow, chief topographer, and is very finely exe- 
cuted. 

The narrowest part of the great Iluronian l)elt comes within this 
sheet, and is fianked on the southeast by true Laurcutian gneiss, but on 
the northwest side this belt is bounded bv a mixture of similar (gneiss 
with great areas of granites and syenites. The Huroniau rocks which 
are fully described, consist largely of graywackes, with and without 
included fragments and ))ebbles, and are generally heavily bedded, but 
frequently coarsely slaty. These merge into quartzites, which are also 
largely developed and associated with elongated masses of greenstones 
and thick belts of clay-slate. The series is shown to he largely of \ ol- 
canic or pyroclastic origin. 

In addition to the undoubted Iluronian, there is within this district a 
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basin of rocks which may be of Cambrian age. They consist of dirk 
argillaceous sandstones with some shaly l)ed8, underlaid by serenl 
thousand feet of a remarkable volcanic glass breccia, replaced in somt- 
parts of its course by black slates. The breccia contains light-colored 
angular fragments which, under the microscope are seen to consist of 
silicified pumice, showing, in th<^ most beautiful manner, rows of small 
vesicles as perfect as those in recent volcanic glass. This great band of 
breccia affords conclusive proof of volcanic action on a grand scale in 
these early geological times. At the ba.se of the series is a band of 
<luartzite-conglomerate with white quartz pebbles. 

The celebrated nickel and copper deposits of the Sudburj- district 
come within this area and are described by Dr. Bell. He gives the re- 
sults of his investigations on the relations and mode of occurrence of 
these ores. They would appear to be always associated with the green- 
stones, and to be most abundant at the contact of these rocks with some 
other, especially where the contact is intersected by a line of dislocation 
or by one of the gabbro dykes, which are numerous in the district. The 
occurrence of gold, silver, lead and other metals is described, and assays 
for nii'kel and gold are given by the chemists of the survey. 

Tliere are four appendices: I contains a careful description of the 
microscopic and other characters of about fifty kinds of rocks from the 
district by Prof. Geo. H. Williams, of Johns Hopkins University. 
II gives the levels along the Canadian Pacific Railway and of the prin 
cipal lakes. Ill is a list by the best autliorities of 78 species of Lepid 
optera, collected by Dr. Bell north of lake Huron, and IV explains the 
meanings of the Indian geographical names in the surrounding country. 
The report is illustrated by some fine photoengravings. 
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TI, Pronrdihfjn of Si'i* utijif* Societies. 

Trans. N. Y. Acad. Sci. Nov. -Dec, contains: On the Geological Age 
and Relations of the Potomac Group of Virginia and Mar}'land, J. S. 
Newberry; On the Microbe of Phosphorescent Wood, A. A. Julien; 
Not«* on Hydrazoic Acid, a new mineral acid, H. C. Bolton. Jtin.-Ffb. 
\o. contains: -Monticellite, anewmiueral, J. F. Williams; Recent Work 
in North American Mamraaloi;y, J. A.Allen. }f(irrh No. contains: 
Man of the Stone Age, F. Starr. 

Tnins. Canadian Inst.. Oct., l^lll, contains: Notes on Nickel, by George 
Mickle; Hone Caves, by Arthur Harvey: Gold and Silver in Galena and 
Iron Pvrites, bv R. Dewar. 

.lour. Klishii Mitchell Scient. Soc. forlSlH. Part 1., contains: The Alex- 
amler Co. Meteoric Iron, S. C. II. Bailey. 

Pro<'. Calif. Aca«l. Sci. Vol. III. Part 1, contains: Noteson the (ieolog}* 
arul Petroijniphy of Baja California, Mexico, Waldemar Lindirren; 
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Eruptive liocks from Montana, Waldemar Lindgren; Notes on the Sub- 
alpine Molluscaof the Sierra Nevada near Lat. 38 , W. J. Raymond. 

Minnesota Academy of Natural Sciences. Bulletin No. 2, Vol. Ill, 
contains: The field ot geology and its promise for the future, W. J. 
McGr»e; A check-list of the palaeozoic fossils of Wisconsin, Minnesota, 
Iowa, Dakota, and Nebraska, Bruno Bierbauer; The deep well at Minne- 
opa, Minn., C. W. Hall; Notes of a geological excursion into central 
Wisconsin, C. W. Hall; The Stillwater deep well, A. D. Meeds; The iron- 
bearing rockH of Minnesota, H. V. Winchell; Cvyptozoon minnesotenn€ in 
theShakopee limestone at Northfield, Minn., L. W. Chanc}%.Ir.; A recent 
visit to lake Itasca, Warren Upham. 

///. PaperM in Scientijic JonninlH, 

Am. Jour. Sci. Oct, No. contains: Structural Geology of Steep Rock 
lake, Ontario, H. h, Smyth; Geological Horizons as determined by Ver- 
tebrate Fossils, (). C. Marsh. 

Nov. No. contains: Report of the Examination by means of the Micro- 
scope of Specimens of Infusorial Earths of the Pacific Coast of the 
r. S.,A. M. Edwards; The Tonganoxie Meteorite, E. H. S. Bailey; New 
Analyses of Uraninite, W. F. Hillebrand; The Tertiar}^ Silicified Woods 
of Eastern Arkansas, K. Ellsworth Call; Occurrence of Sulphur, Or- 
piment, and Realgar in the Yellowstone National Park, W. H. Weed and 
L. V. Pirsson; Mineralogical Notes, L. V. Pirsson: Perldotite Dikes in 
the Portage Sandstones near Ithaca, N. Y., J. F. Kemp; New Ix)caiity 
for 3Ieteoric Iron with a Preliminary' Notice of the Discovery of Dia- 
monds in tlie Iron, A. E. Foote; The South Trap Range of the Kewee- 
uawan Series, M. E. Wadsworth; Geological Facts noted on (Trand River, 
Lal)rador, A. Cary.. 

Dtr. No. contains: Percival's map of the Jura-Trias trap-belts of central 
Connecticut, with observations on the upturning, or mountain-making 
disturbance, of the Formation, J. D. Dana: Notes on a Missouri Barite, 
C. r.uedeking and H. A. Wheeler; The Contraction of Molten Rock, C. 
Barns; Notes on Michigan Minerals, A. C. Lane, H. F. Kellar, and F. F. 
Sharpless. 

Jan. No. contains: Theory of nn Interglacial Submergence in England, 
ik Frederick Wright; Permian of Texas, Ralph S. Tarr: Chemical Com- 
position of lolite, O. C. Farrington; Relation of Melting Point to Pres- 
sure in case of Igneous Rock Fusion, C. Barus; Discovery of Clymenia 
in the Fauna of the Intumes censzone (Naples beds) of western New 
York, and its Geological Significance, John M. Clarke; New Meteoric 
Iron from Garrett Co., Md , A. E. Foote; Farmington, Washington Co., 
Kansas Aerolite, (i. F. Kunz and E. Weinscheuk; Skull of Torosaurus, 
i). C. Marsh. 

Geoi. Mag. Noc. No. contains: On Ph ortnuintHim noifoftorurimitmt, A. 
H. Foord: Contributions to Precambrian Geology, J. F. Blake; On Nor- 
mal Faulting, T. Mellard Reade; Work done by Lobworms, C. Davison: 
On Aiitmonitrn juren^in, E. T. Newton: On Athyris hi'viuscula, Norman 
Glass. 
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i><r. iV<>. contains: On Ok- riellus caWttei &nd its Geological Relation- 
ships, C. Lap worth; Petrological Notes, W. M. Hutchings; Phoiidoph- 
orus gernianicm* in the Upper Lias, Whitby, A. S.Woodward; Pseudo- 
trionyx from the Bracklesham lieds, A. S. Woodward: Notes on Ster^adcn- 
nieliUnsU^ J. H. Cooke. 

American Naturalist, Sept, No, contains: A Reply to Prof. Marsh V 
"Note on Mesozoic Mammalia,*' H. F. Osborn. 

Oct. No. contains : A Sketch of the Geology of South America, 0. 
Steinmann: Notes on the Hearts of Certain Mammals, Ida H. Hyde. 

Nor. No, contains: The Permian, Triassic, and Jurassic Formations in 
the East Indian Archipelago (Timor and Rotti), August Rothpletz; The 
Hat Creek Bad Lands, J. 8. Kingsley. 

Canadian Record of Science, July, 1891, contains: On a new Horizon 
in the St. John Group, by G. F. Matthew; On some Granites from British 
Columbia and the Adjacent Parts of Alaska and the Yukon District, by 
F. D. Adams. 

Ottawa Naturalist, Noc, 1891, contains: C'anadian (Jems and Preciou* 
Stones, by C. W. Willmott. 

IV. Excerpts and Indicidual Pfihlicatiornt, 

On some of the Melaphyres and Felsites of Caradoc, by Frank Rutley. 
From Quart. Jour. Geol. Soc. Nov., 1891, Vol. xlvii. 

On a Spherulltic and Perlitic Obsidian from Pilas, Mexico, by Frank 
Rutley. From Quart. Jour. Geol. Soc. Nov., 1891, Vol. xlvii. 

A New Locality for Meteoric Iron with a Preliminary Notice of Dis- 
covery of Diamonds in the Iron, by A. E. Foote. From Proo. A. A. A. S. 
Vol. XL. 

The Trias of the Vale of Cleoyd Notes on a section of the Trias and 
Boulder Clay in Chapel Street, Liverpool. A Further Note on the De- 
composed Boulder and Underlying Red Sandstone in the Chapel Street 
Section, Liverpool. By T. Mellard Reade. 

The Cause of the (xlacial Period and an Explanation of Geological 
Climates, by Marsden ^[anson. From Trans. Technical Society of the 
Pacific Coast, Vol. vin. 

V. Forci'f/n Pfiblic^itiornf. 

Fold. Koz. (Budapest) Vol. xxi, Nos. 6 and 7, June and July, 1891, 
(Supplement) contains: Die Bewegungen auf den Schemnitzer Erzgfln- 
gen in geologischer Beziehung, Szabo; Mineralogische Mittheilungen. 
Zimunyl; Uber die gwei geologischen Karnten Runu'lniens. 

Annual Report of the Department of Mines, Now South Wales, for the 
year 18JK). Sydney, 1891. 

Jahresb. des Vereins fHr Erdkundezu Metz fHr 1890-91. 

Trans. Leeds Geologi<*ai Association. Part vi. 1890-91. 

(testreifte Magnetiikrystalle aus Mineville, Lake Champlain (Tebiet. 
Staat New York, von .1. F. Kemp. Sep.-Abd. aus "Zeitsch. fOr Krystal- 
lo^raphie, etc.," \ix. 

Uber das transkaspische Xaphtaterrain. Uebersicht dor (ieologie 
Daghestans und des Ton*k-( Jebietes. Uebor das diluviale. arabokaspische 
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Meer und die nordeuropaische Vereisung. Beltrage zur Geologie des 
Berges Savelan im nordliclieD Persien. Ueber die Thatlgkeit der 
Schlammvulkane in der Kaspischen Region wahrend der jahre 1885-87. 
Beitrage zur Kenntniss der Erzlagerstaltcn von Moravica und Dognac- 
8ka im Banal, von Hj. Sjogren. Sep.-AMncken. Jahrb. k. k. geol. 
Reichsanstalt 1886-87. 

Den arktiska floran forna utbredning i Htnderna oster ocli 8<kler om 
Ostersjou, af A. G. Natliorst. 

Wissensch. Veroff. Vereins fllr Erdk. zu Leipzig. I. Band contains: 
Beitrftge zur Geographie des festen WasHers. 

Annales de G(^ographie, publi^^es sous la direction de P. Vidal do la 
Blache et Marcel Dubois. 

Anales del Instituto Fisico-Geografico Nacional do Costa Hica, 1880, 
par Prof. E. Pittier. 

Annual Report of the Department of Mines, New South Wales, for 1800. 

Bulletin de la SociC*t<? G<^ologi(iu»* de France, t. xix.Oct., 1891, contains: 
Note sur I'Eocene tunisien, par M. Aubert; Note sur le Tissotia UmoU, 
par M. DouvilK^; Un fllon d^argile plastique, par M. Tardy; Note sur le 
8<^*Donien et en particulier sur Tage des couches A Hippurites, par M. A. 
Toucas: Sur la G<*ologie des environs de Moustiers, par M. Collot; Sur 
la situation des couches A Trrefn'cUula diphya dans I'Oxfordien superieur, 
A rOuarsenis (AlgC*rie), par M. E. Ficheur; Notes sur Thistoire et la 
structure g^ologique des chaines alpines de la Maurienne du Brian- 
connais et des vCgXonB adjacentes, i>ar M. W. Kilian. 

VI, Scientific Laboratories and Museum h. 

Johns Hopkins University Circulars, No. 94; The Geological Excur- 
sion by University Students across the Appalachians in May, 1891, b}- 
Geo. H. Williams. 

Bulletin of the American Museum of Natural History, Dec, '01, con- 
tains: Observations on some Cretaceous Fossils from the Beyrftt District 
of Syria, with Descriptions of some New Species, by R. P. Whitfield. 

Catalogue of the Michigan Mining School for 1800-91. 



SUPPLEMENTARY LIST OF THE WRITINGS OF 

ALEXANDER WINCHELL. 

^CoiitJtiue<i from pa^ 1%'.) 
1852. Yellow Rain, proving it to be pollen of coniferous trees. (Ala- 
bama Whig, April, 1852.) 
1852. Analysis of Artesian water. (Alabama Whig, Dec. 22, 1852.) 
1852. Chemical examination of "Sand}' Land" soil. (Alabama Whig, 
two articles.) 

1859. On the Geological Position of the Brine Springs of Grand Rapids 

[Michigan]. (Grand Rapids papers, Oct , 1859.) This was the first 
correct announcement ever made on this subject. 

1860. On the Salt Springs of Saginaw. A commuuiration to the su- 

perintendent of the Sairinaw Salt works (Saginaw Entcrjn-iKty. 
Feb., 1800.) 
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1H62. Is the brine at Bay City obtained from the same source as the 

brine at East Saginaw? (Saginaw Conner, July, 1862.) Thf 

first announcement that the Bay City w.ells are 8uppUe<! from 

the conglomerate of the Coal Measures. 
1H08. How shall we perfect the Agricultural College? (Detroit Adrer- 

tiser and Tribune, Feb., 1863.) Three articles advocating a more 

professional or special organization. 
1S63. Important railroad connections with Ann Arbor. (Mich. St4itf 

NewH, July, 1868.) This advocated a line from Toledo to Ann 

Arbor, Holly and East Saginaw, fifteen years before it was finally 

completed. 
1805. Draft of an act to provide for the completion of the Geological 

Survey. Passed the House, Feb. 10, 1865. Lost in the Senate. 
1860. Report on the Bruce Oil Lands at Oil Sprints, Canada We«f. 

With maps, and two articles contributed by him to the Chicagr» 

BepMican, Jan. 17 and 20, 1866. Pamphlet. 

1866. Petroleum in Middle Tennessee. (Pittsburg Mining and Manu- 

facturing Journnl, 7 Nov., 1866.) 
186f5. Christian Theology illustrated from Nature, {NorthiersUrn Chris- 
tian Adrocatr, Chicago.) A series of 22 articles, the first ap- 
pearing, Jan. 2, 1867. 

1867. Stromatoporidiv. (Proc. Amer. As.soc. 1866, Buffalo meeting.) 

[See notice of his geological publications in Jahrhut}*, for 1867. 
pp.99, 100, 101.) 
1S<»H. The Geological foundations of our state, ( Detroit Wetkly Adrti- 
tifter and Tribune, 27 Nov. 1868. Daily do. 30 Nov.) 

1869. Impending crises in Nature. (Coffrge Cot/rant, July 12 and 17, 

1869.) 

1870. Brazil in the Keign of Ice. With Illustrations {Colhgt- C'mrant, 

June 4 and 11, 1870.) Opposes the view of L. Agansiz that the 
valley of the Amazon was covered bj* a continental glacier. 

IHTl. The mineral fertilizers of Michigan. Report Dept. of Agricul- 
ture, Washington, 1869. 

1H71. Geological history of Mammoth Cave. (Indianapolis />ai7y . /o»/r- 
7w/, Aug., 1871; American Natural ix(. ^ow, 1871.) 

1*^7,*. Kakistocracy, or Too much Popular Government. Lei'ture de- 
livered at Mattoon, 111. 4 Dec, 1S71. (Mattoon Journal, 6 Jan., 
1H72.) 

187:5. Reason for the Faith. Baccalaureate adtiress at Syracuse I'ni- 
versity. (Syracuse Journal, Northern Chrii^tian Adrocati .) 

ls;8. The German Gymnasium {Vhicen<ity 11* raid, Oct., 81, 1878.) 

1874. The (J^Miealogy of Shipn. (New York Ihiily Tribune, 16 July, 1874, 
New York Chrixtiah Adcocatt : Oolden Agt ; New Y'ork Indr- 
pendint, etc.) Elicited a number of replies in the Tribune. An 
ironical jeu d\xprit directed against the assumption that suc-- 
cession and structunil relation in a series of specific forms, is 
proof of i:enctlc relation. 
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1874. The Battle Fields of Faith. A baccalaureate address delivered 
at Syracuse University, June 21, 1874. (Syracuse Courier and 
Journal^ June 21; Northern ChrUtian Advocate^ 2 July, 1874.) 

1870. The Beautiful. An address delivered before the State Female 
College, Memphis, Tenn., 14 June, 1876. {Western Meth^xhut, S 
July, Xf^lQx Northern ChrtHtian Advocate, July, 1876.) 

1876. State and School. (New York Daily Tribune, 12 July, 1876.) A 
criticism of the address of Charles Fitch before the New York 
State Teachers' Association. 

1876. Huxley in New York. A review of his tliree lecture?, (Chrintinn 

Union, 11 Oct., 1876.) 

1877. On the Origin of Species. )Syracuse Journal, 20 March, 1877.) 

Eighth lecture of a series. 
187H. The old age of continents. A l^niversity Lecture, (Syracuse 
Journal^ 31 Jan., 1878.) 

1878. Science gagged in Nashville, (Nashville American, 16 June, 1H78.) 
1878. Reply to the Nashville Chrititian Adroeate (Nashville Atmrican, 

19 July, 1878.) 

1878. A plea for Modernized Education. Address before the National 
Convention of DKE, delivered in the Academy of Music, New 
York, 24 Oct., 1878. (N^ w York naily Trihutie, 25 Oct. ; Syracuse 
Journal, 28 Oct.; Educational Wttkiy, etc.) 

1878. Culture and Knowledge. Address before the -Esthetic circle, 
Syracuse, and repeated by re(iue8t in the hall of Y. M. C. A., 
Syracuse, 14 Nov. 1878. (Syracuse Journal, 17 Nov., (1878, and 
many times reproduced in various parts of the country.) 

1881. Primitive stages of cosmical evolution (Science, ii. 179, Apr. 16, 

1881). 

1882. The Interpretation of Nature. Address at the dedication of 

Agassiz hall, Martha's Vineyard, 20 July, 1882. (luHitute Her- 
ald, July 21, 1882.) 
1H82. Misconceptions about evolution. {Nort/urn Christian Advocate, 

Sept. 14, 1882.) 
188:J. Contents of a work on Hdigion and Intelligence. Pampli. 8vo. 

8 pp. Feb., 188:j. 
1888. Communism in the I'nited States. {North Ameriran Beciew, May, 

1888.) 
1884. Editorials for The Tndt,v, 17 June, 1884. 2,(K)0 wonls. 
1884. Horror Mongering. {Index, 12 July, 1884.) 874 words. 
1884. Open Letter to Teachers on the teaching of geology. (Circular 

issued by S. C. Griggs iS: Co.) 775 words. 
1884. The Mania for Facts. {I ndrx, 18 Sept.. 18S4). 1 ,050 words. 
1884. Minor e<litorials. {Ind-x, 18 Sept., 1884.) 1,986 words. 
1884. The race factor in ci\ il institutions. (Tndex, 29 Sept , 1884.) 1,000 

words. 
1884. Minor editorials. {Index, 27 Sept., 1886.) 242 words. 
18H4. Decay of the Americjiii conscience. {Index, 11 Oct. 1884.) 1,000 

words. 
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1884. Trades-Uniou imreasoDableness. {InOex^ 25 Oct., 1884). 1,138 

words. 
1884. Minor editorials. {IniUx, 25 Oct., 1884). 601 words. 
1884. Are the churches decaying? {Index, 8 Nov., 1884.) 1,364 words. 
1884. Minor editorials. {IruU>x, 8 Nov., 1884). 1,274 words. 
1884. Minor editorials. (Imlex, 22 Nov., 1884). 310 words. 
1884. Non-classical collegiate courses, (Index, 6 Dec, 1884.) 1,200 words. 
1884. Minor editorials. (Index, 6 Dec, 1884.) 1,814 words. 
1884. Notice of Lowrey's Philosophy of Ralph Cudworth. {Index, 6 

Dec, 1884). 281 words. 

1884. The rights of Religion in Scliool. (Index, 20 Dec, 1884.) 1,147 

words. 
1884. Evolution as a hobgoblin. (Index, 20 Dec, 1884.) I,:i00 wor<ls. 

1884. Minor editorials. (Index, 20 Dec, 1884.) 1,753 words. 

18a5. Have we any Scientific Literature? (Index, 3 Jan. '85.) 1,320 

words. 

1885. Minor editorials. (Index, 3 Jan., 1885.) 900 words. 

1885. The constitution of University authority. {Index, 17 .Tan., 1885.) 
1,417 words. 

1885. Minor editorials. {Index, 17 Jan., 1885.) 1,064 words. 

1885. The decay of the land. (Index, 31 Jan., 1885.) 1,339 words. 

1885. My views on the elective franchise. (Chronicle, Ann Arlior, 25 
April, 1885.) 885 words. 

1885. Table for determination of minerals. {Yountj Mtnrrahgint and 
Antiquarian, April, 1885.) 550 words. 

1885. Continent building. {Th4i f"/HWr«t7y, 13 June, 1885.) 1,717 words. 

1885. Table for the determination of rocks. (Young Mi uerahgigt and 
Antiquarian, May, 1885.) 

1885. Congratulatory a<ldress to Prof. Asa Gray. Adopted by the Sen- 
ate of the I'niversity of Michigan. Published in the lifginter, 
Ann Arbor, with Dr. Uray's reply, 25 Nov., 1885. 



coheespo:ndeis'oe. 



AuHOw Points from tue Loess at Mus<^VTI^E, Iowa. — The hills on 
which the city of Muscatine stands are covere<l with a very fine deposit 
of loess, which in some places must be nearly fifty feet thick. It ia easy 
to find the border of this loess lake. 

In tills deposit have been found great (|uantities of land shells, several 
pieces of bones, the remains of at least two American reindeer, a consid- 
erable part of the antb'r of the elk or common deer, pieces of wood, etc., 
etc For several years 1 have thought tliere ouglit to be found in this 
loess unmistakable evidence that men were here when the surface of 
tliis lake was nearly 150 feet above the present luirh water of the great 
river at our feet. 

Much of the loess is excellent for makin.ir brick. At several points 
hills are for this purpose rut away, leaving bunks sometimes more than 
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twenty feet high, of the finest loess. Recently I have been able to gather 
some information concerning relics of man from this deposit. Mr. Chas. 
Freeman, a brick-maker, says he took from the loess, on the north side 
of Eighth street, near St. Mathias church, at a depth of about twelve feet, 
«n arrow point. 

In answer to my questions he said it could not have fallen from the 
top, for ho took it out himself and noted especially the print in the loess. 
There seemed to be no possible chance that it could have i?otten there 
through a hole or crevice. The loess at this place is very tine-grained, of 
a yellowish brown color, exhibiting slight indications of strata. At 
another yard, about two blocks from the above, on Iowa avenue and 
Ninth street, this same gentleman was moulding brick in the old fash- 
ioned way. In thrusting the clay into the mold he felt something sharp, 
and an examination brought to light an arrow-point. 

At first sight it would seem as if this find would have been worth little or 
nothing, but on cleaning the arrow point it was found to be largely covered 
with blue clay, quite different from the rest of the loess at this place. 

A bed of this same blue clay was strikingly shown here about ten 
feet below the surface, showing that this arrow-point was well covered 
by this same clay. 

I examined this bank, and unless the arrow-point could have been so 
covered in the process of mixing, it must have been originally buried in 
the blue clay, which is ten feet or more below the present surface. 

In the suburb of this city, about one mile from where it enters the 
Mississippi, Mad creek has cut away a hill forming a bank forty to fifty 
feet high. At about twelve feet from the top is a l)ed of gravel and 
sand. In this gravel Mr. Joe Freeman, a young man in the third year 
class in our high school, found a considerable fragment of the tooth of 
an elephant. In this same bed 1 observed numerous flint <-hlp8. The 
upper portion of this hill is loess. At the foot of the bank the creok 
runs over an argillaceous or arenaceous limestone of Devonian age. 

On both sides of the Mississippi in this locality on the most command- 
ing bluffs are numerous mounds of earth, the work of men. These are 
believed to be very ancient. 80 far I have not observed mounds on the 
loess. May not these arrow or spear points mentioned above, have been 
made and used by the builders of these mounds? F. M. Wittku. 

The Serpentines of the Coast Uanges in Califokma. — In a paper 
on ** The Pre-Cretaceous Age of the Metamorphlc Hocks of the Califor- 
nia Coast lianges," published in the March number of the American 
Geoixxjist, Mr. Harold W. Fairbanks states that his view that the ser- 
pentine in the Coast ranges is an altered eruptive, is in opposition to 
the views of others who have studied those rocks, except those given in 
a few brief statements published in the Bulletin of the Geological 
Society of America, In 1891. He also states that professor Whitney and 
his assistants held that the serpentine Is an altered silico-arglUaceouH 
rock, referring to Whitney's "Auriferous Gravels " In support of his 
statement. On turning to page forty-two of the last mentioned work, it 
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will be seen that I was considereil responsible for most of the nomencla- 
ture of rocks mentioned in that volume, and that the results were not 
then fully published. At that time I was an assistant to professor Whit- 
ney, and therefore, with his other assistants, am held responsible by Mr. 
Fairbanks for the view which he has quoted. The results of my work 
were published in 1884, f or the peridotities, in my "Lithological Studies." 
In this work there were described more or less altered peridotites or ser- 
pentines from Colusa county, in the Coast range, and from Inyo, Sierra, 
and Plumas counties in the Sierra Nevada. All these descril>ed speci- 
mens were considered to be more or less altered forms of peridotite, in 
proof of which eight colored lithographic figures were given. (See my 
" Lithological Studies," pp. 129-182, 142, 158, 189-192, plate 5, figures 1, 2, 
8; plate 6, figures 8, 4, 5. 6; plate 7, figure 1.) It was also then state<i 
that the microscopic and lithological characters of the Coast range peri- 
<lotite and serpentines studied, as well as those from the Sierra Nevada, 
indicate(i that they are eruptive. I may also say that, so far as the 
specimens described by myself were concerned, the results obtained by 
me were accepted by professor Whitney in 1882 as satisfactory and con- 
elusive. As I have never studied any serpentine that I considered other- 
wise than derived from the alteration of peridotite or some allied erup- 
tive roclc, Mr. Fairljanks' confirmatory observations are of very great 
interest to myself. M. E. Wadswortii. 

Michigan Mining Schoof, Houghton, Mirh., March V, 189'2. 

Englacial drift of LoK(i Island. In the December number of the 
American Gbolooist, Warran Upham calls the attention of glacialists 
to certain criterea of englacial and subglacial drift. 

In my study of the drift formations of Long Island, I had noticed a 
difference between the bottom and surface portions of unmodified till, 
but was never able to draw a line between them. Of course, when the 
two were separated by a layer of stratified material, the surface part 
could easily be recognized from the hardpan, but where this line of 
separation does not take place it is difficult to determine exactly where 
the one leaves off and the other begins. It is true, as Mr. Upham re- 
marks, that the upper drift is yellowish in (;olor, and is looser in texture 
than the hardpan, l)ut the two blend into each otlier in such a way a.s to 
render a distinct separation impossible, and yet I am inclined to think 
that they are two (iistinct formations. One was laid down probably 
when the glacier advanced; the other was deposited when the ice sheet 
retreated. The surface drift is variable in depth, and there are sections 
where it is absent altogether or is only represented by a few large 
boulders: as at Hockhill, near Eastport, Long Island, where a huge 
erratic is seen resting on tlie stratified gravel, the finer material having 
been washed away. In general, however, this yellowish sandy boulder 
drift covers the surfsce of Long Island. It covers the hills as well ns 
the depressions at Brooklyn, and larjre niggerhcads are everywhere seen, 
where the lots are vacant, protruding out of the drift which is only a few 
feet in thickness. Along the line of the terminal moraine it is very much 
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the same, although not so determinable in places. It is very light on the 
Shinecook hills, for here the stratified gravel comes very near the surface. 
The bottom drift is also variable, and subject to many modifications. 

The Hockaway Beach railroad, that cuts through the ridge north of 
Woodhaven, exposes an interesting section of drift. The moraine is 
broken up by old subglacial streams, and adjacent to these depressions,, 
the material near the edges of the bank, show signs of stratification, but 
these stratified layers never extend clear across the cut except near the 
surface. In the center of the bottom part of the drift is a mass of 
boulders in a sandy matrix, and over this is the hard])an, which is also 
full of erratics. Then comes the modified drift, and over all the so-called 
englacial drift which probably was laid down after the floods had sub- 
sided. The modification of the drift at this point tends to prove, I think, 
that kettle-holes were in some way connected with subglacial rivers. 

North of the terminal moraine the whole bottom part of the drift 
seems to be modified, although a small section was exposed at Ridge- 
wood, where underneath some fifteen or twenty feet of stratified sand 
and gravel was a stratum of unmodified boulder clay of uuknown 
depth, and there may be other sections like it that have not been ex- 
posed. Ridgewood, near Brooklyn, is situated near an old water chan- 
nel that comes up through the Newtown creek depression. The under 
boulder drift was probably deposited when the ice-sheet lay over the 
island. The stratified sand and gravel tell the story of the floods dur- 
ing the melting of the glacier, and the upper deposit or englacial drift 
was laid down when the ice-sheet retreated. This upper drift thins out 
towards the depression showing that the floods must have prevailed 
while the deposition was going on. The waters must have receded, how- 
ever, before the ice-sheet had disappeared, for the depression as well as 
the ridges are covered with unmodified boulder drift. 

Professor Agassiz said: "All American drift is bottom drift." And in 
a sense this is true. I am inclined to think that the so-called subglacial 
drift is as much englacial as the surface portion of unmodified till, that 
is, both were held in the ice-sheet until deposited. 

On Long Island as the glacier advanced from tlie main land the sub- 
gla* ial streams advanced with it, modifying the drift and carrying much 
of the detritus beyond the southern limit of the ice-sheet. The south 
side of the island is chiefly composed of this stratified material. These 
ancient streams can be traced by the depressions from the sound to the 
sea, and the upper deposit of unmodified drift that covers in general, 
the stratified deposits, shows, I tliink, that the streams were subglacial 
and not superficial. There is little direct evidence on Long Island of 
superglacial drift. The subglacial beds of stratified gravel are not so 
8 anty as Mr. Upham supposes, for, as far as my observations go, they far 
exceed all other glacial deposits. The greater part of the terminal moraine, 
moraines of recession, or kame moraines, and the bottom part of the 
valleys and plains owe their modified condition to subglacial currents. 
I am aware that the terminal moraine is generally spoken of as being 
composed of unmodified drift. This is true of the surface part only,. 
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for whea broken into there are few places that do not show signs of 
stratification especially along old lines of drainage. On the extreme 
west end of the island where the flood of waters was great, nearly the 
whole of the morainic material is affected by it. The old subglacitl 
channels are innumerable along the whole extent of the terminal mordoe 
and the marginal kames and kame deltas were formed by the icy car 
rents that issued from the front of the ice-sheet. Where the currenU 
were strong the moraine is correspondingly broken, and the kames in 
front become more prominent as may be seen in the vicinity of Fort 
Hamilton and Greenwood cemetery. These marginal kames extend out 
for some distance from the ridge proper, and it is rather difficult to de- 
termine their exact southern limit, except by the slight covering of un- 
modified drift. I am inclined to think that the ice-sheet did not em) 
with the so-called terminal moraine, for even the kame deltas that extend 
south w^ard to tlie ocean are covered with a yellowish sandy clay, very 
much like the englacial drift referred to by Mr. Upham. 

It is true, that the boulder line seems to end with the marginal lama, 
yet there is sucli a blending of the two, that no distinct line can b** 
drawn between the marginal kames and kame deltas. The unmodified 
boulder drift covering the former would show, however, that the so- 
called englacial till extended farther southward than the subglatial till, 
in its unmodified form. It has seemed to the wTitcr that these southern 
kames could not have been formed without the aid of an ice-sheet, and it 
may be that a study of this so-called englacial drift will lead to the 
solution of the problem, for this superficial deposit covering the plains 
on the south side of Long Island has never been satisfactorily explained. 
I made mention of it in my pamphlet on the formation of Long Island, 
published in 1885 and was unable to account for its origin. It still re- 
mains a puz/.le, but I think we are getting nearer an explanation. 

Eastport^ L. /., »//i//., V7, 1S92, John BRYSf)x. 



PERSOXAL AND SCIENTIFIC NEWS. 



Professor G. FRKDKRirK AVrkhit delivered a series of ten 
lectures in Boston during February and March, on *'Tlie Antiquity 
aud Origin of the Human Kace," jis one of the free I<K>well In- 
stitute courses. The bearing of geology* on this subject centers 
in the (|ue.stion, How long ago was the Glacial period? Pn)fessor 
Wright in reply accepts the conclusions of Prestwich, Gilbert, N. 
11. Winchell. and others, based on the amount of ])ostglaeial 
erosion of waterfalls, and on other evidence, which from luanv in- 
dependent observations, computations, and estimates, give T.OOO 
to 1(K0U(» years, more or k\ss, as the time since the great ice- 
sheets of North America and Europe were melte<i away. Man 
wius contemiK)raniH>us with the latest and maximum extension of 
the ice on iMJth continents, as is known by his stone implements 
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ill the griivel deposits forined hy stivams whicli broiijjjlit this niod- 
itie<l drift from tlie ice in whicli it litid ])eoii enclosed us englucial 
drift. I'nder the lavas of Table mountain, California, and of 
N'ampa, Idaho, the implements and other relics (»f men, and even 
their liones. including the famous (^alaveras skull, have been 
found and assigned to a vast anti(|iiity, but they may probably he 
no older than the latest general glaciation. The last great local 
accumulation of glaciers and ice-sheets on the Sierra Nevada and 
more northern parts of the Cordilleran mountain belt to Alaska 
is referred by Wright, as by Russell and Becker, to a subst*quent 
time, during the Recent epoch. No proof of man's existence 
during even the later i>ai*t of the Tertiary era has been obtained, 
and Prof. Wright believes that the evolution of the human race 
has l)eeii comprised wholly within the Quaternary era. prol)ably 
occupying no more than r)0.(KM»or 1(M>.(MH) years. The substance 
of these lectures will be mainlv included in a book entitled "Man 
and the (ilacial Period." soon to be issued in the International 
Scientific Series, supplementing the author's previous work on 
^•The Ice Age in North America. "" 

Prof. Edwin .J. Poni», ok tiik V. S. Coast and (Jeodetic 
SiRVEY. died in AVashington in Fel)ruary, of scarlet fever. lie 
was a vouiiiT man of sturdv habits and a most (»arnest student of 
natural science, known t(» but a small circle of scientific people, 
owing to his modest demeanor, and his long residence in mission- 
ary lal>ors in the education of colored youth in the remote south. 
An ardent stu<lent of geology and botany, he was a constant col- 
lector and contributor of data to others who published them. 
Although having resided in Washington but a short time, he had 
made many interesting discoveries in local geology. The writer 
first knew him in Texas, where, with his class of students. Prof. 
Pond discovertnl and collected the remarkable and as yet unjiub- 
iished fauna of the Slioal (^reek limestone, which he (leposited in 
the National Museum. He published several short pa|)ers in Sci 
ence on Texas gtH)logy. R. T. H. 

The Swiss Committee of <)r<»anization for the sixth session 
of the International Congress of (Jeologists has l>een constituted 
definitely as follows: K. Reiievier, president; Alb. Heim. vice 
pivsident: II. (folliez. secretary, and C. Kscher-lless. cashier; 
I)r. A. Halt/.er, Dr. Kd. Hrueckner. L. Ouparc. Dr. K. Du Pas- 
quier. Dr. Kdm. v. Fellenljerg. Dr. F. A. Forel, I)r H. Frey, 
Dr. .J. Frueh. Dr. V. (JruUMimann, Dr. A. Crutzwiller. Dr. A. 
Jaccard. Dr. K. Kissling. Dr. Fr. Koby, Dr. F. R. Lang. P. 
deLoriol. (r. Mariani, Dr. F. Muehn>erg, L. Rollier, Dr. II. 
Schardt. Dr. C. Schmidt. 

At a meeting held 2S Dec. ISIH, this committee decided that 
the next session of the Couirress will be held at Zurich, near the 
end of August or the c<»minencement of September. The length 
of the session can be reduced t(» four days. One of these days, 
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at least, will Ik* devotcMl to the meetiiijrs of the sections, in \vhi<'Ii 
(liiestions of more special interest will be treated. Th<»re will U' 
three sections, viz: 1. Mineralojry and petrojrraphy; 2. Stniti- 
graph}' and paleontolojry. I J. (ieneral jreology. 

The committee intend to have two sorts of excursions, viz: 
Foot-excursions, and railroad and steaml)oat excursions. Thi* 
former will be for the purjjose of studyintr thegeolojrical featun*?* 
in trips across the Jura and the Alps, and would be suitable only 
for those aceustomed to lon<r walks. The second will \w planne<1 
to enable the participants to see the principal classic re*iion> in 
Swiss «jeolojxy. By the time of the session it is exp^n^ted that 
there will })e a numb(»r of mountain railroads, which will enable 
the visitors to see some of the most elevated jKH'tions of tin* 
repon. Excursions will also start, preciMlinj; the session, from 
different points, west or north from Switzerland, aiul will c<»nver«re 
at Zurich. Also after the session other excursions will depart 
from Zurich, radiatintj throu<;h the Alps, and then will reunite at 
liUyrano. wh(»n» the Conjiress will tinallv close. 

Suitable later announcements will be mad*', siivinjj: nion* detail> 
It is evident that the Swiss Committee have entered upon their 
duti(»s viororously and in jrood season. 

PRINCKTON SciKNTIKir KxpKunioN (»F ISOI. This (»XptMlilion 
under l*rof. Scott, explored the so-called Ticholejitus be<ls of the 
Peep iriver region, Montana, during the months of August and 
September and secured a large amount of valuable mat(>rial. The>e 
so-called Ticholepius beds which are lacustine. are com|)aratively 
limited in extent and lie between the Belt ranges. The ImmIs lie 
uncomformably upon inclined Carboniferous (?) limestone and 
slates. Fossils were found in abun(hince at only two places. 
According to Prof. Scott, the Deep River beds an» composed of 
at least two and perhaps three distinct horizons and in this res|HK^*t 
lie ditfers from l^rof. Cope, whose list of species from this locality 
is misleading in the fact that the speci(»s are all gmuptMl uii<ler 
one horizon. Prof. (N»])e. however, did not personally visit the 
localitv. In the first horizon ten jrenera were i<lentifie<r. in the 
second twelve: in the third or top bed four. In all these IhmIs 
th(»re an* still some genera to )>e identitied. Prof. Scott conH*> to 
the c<»nclusion that the Deep River ( Tirlntl' jttns) beds form a com- 
plete transition between the John Day and the Lou[) Fork. 

Mk. W. J. Mc(iKK, OF INK rMTKI> St.VTKS ( J KOl.OiJK'.V I. Sl'R- 

VK^, gave the lectures on (itolotjf/ in series S, in the course i»f 
I)ublic lectures of Columbian rniversity. Washington. They were 
twelve in number, extending through Januarv and Februarv, 1 Si»2. 
Dr. K. W. Ck.vvpolk. Akron, ()., trave a course of twelve inx>- 
logical lectures in March, before the Rose Polytechnic Institnt<' 
at Terre Haute. Indiana. 
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AN EXPERIMENT DESIGNED TO SHOW THE UP- 
WARD MOVEMENT OF SUBGLACIAL 

DEBRIS. 

U\ Ohmian iirTiiKiE, Cliicu^o, III. 

The folluivJiigex|M'riui(*iit WHHileriHtHl soint'tinx* Miiict* by >fr. (iuthrie to kIiow tliHt 
!<iihi;Uicial iiiiiterinl rUex throiij^h the ice diiriiiff itn forward nioveiiieiit. Since the experi- 
itieiit ban Ijeen referred to in thin journal* as Knowing that Miibifluciai material doen have 
!«uch motion, it han l)een deemed advinuble to jjive an account of the experiment an 
*H|itaUy wide di>«tribution. The experiment of Mr. Guthrie wan deKcrib<>d in a paper 
entitled ''The Lake Michigan (tlacier and (tiacial Channein acniMH the Chicago Divide* 
pn'ftenttNl to the Uetdogical Society of Cliicago. Octol>er *>. IWH). Ktl. 

A Ik>x was constructed S ft. lou^. :J ft. high, and 10 inches 
wide, to n»present a valley. Tlie inclination of the box was 
slight. alK>ut six inches in tlie eijrht feet. The bottom of this 
iKix (large A in the cut) extended alM)ut three feet lK»yond the 
Ijox at the upper end, for a fulcrum for the lever K. The box 
ha<l no cover and but one end, (small A) which was designed to 
repre?*ent the upper end of tlie valley and also aid in applying 
the pressure i^efjuired to move the ic«\ Thn)Ugh this head a slot 
or mortise was cut, ^5x10 inches, through which the piston D 
moved; thih head also formed one side of the hopper or chute (J 
which extended from one foot alK>ve the top of the valley to the 
lK>ttom. This hopper or chute opened into the upper end of the 
valley directly in front of the piston I> t<» which, through the 
sigency of the lever K, a total force of l,."i()(» pounds couhl be 
applied if necessary. The sides of the l)ox were supported 
against the great pressure by several strongly lK)lted clamps. 
This box was then tilled to the top with broken ice KF, and the 

♦Amehic.vn Geolot.ist. Vol. IX, March 1892, is 187. 
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hopper w:i8 filled with a mixture of broken ice and red sandstone. 
al)out half and half in bulk. The sandstone gave the mixture a 
dark color, and also gave it a s|>ecific gravity much greater than 
that of the pure ice in the valley. The lever was then <>|H»rute<l. 
and the hopper kept supplied with the mixture until it was forctnl 
up through the clear ice in the valley, as shown by the dark mas.s 
between FF in the cut. A freezing mixture was then upplieil to 
the sides of the l)OX, and the whole covertnl with canvass and 
allowed to remain until frozen, when one side wa3 removtHl and .1 
photograph taken from which the cut was made. Three similar 
experiments had been made previously, with gravel and eenieiit. 
all resulting the same. 

The colored material introduced at the bottom of the \\\\\wx 
end of the valley appeared at the surface of the ice with roun<hMl 
front, ''in true glacial style." 



PRELIMINARY DESCRIPTIONS OF NEW BRACHIO- 

PODA FROM THE TRENTON AND HUDSON 

RIVER GROUPS OF MINNESOTA.* 

N. II. WiNriiELi. niul CiiAiiLKs SciirriiKitT, MiiineapolN. 

Lingula riciniformis var. galenensis. 

The conspicuous ditference between L. rivhiiforinU Hall, ami 

this variety, is that the former is constantly two thirds the size of 

the latter, and that the greatest width is across the center of the 

length of the valves, while the variety is widest in the anterior 

third. In the (lalena horizon at Oshkosh, Wis,, this variety i> 

not rare, and there attains twice the size of L. riruii/nrmis Hall 

Plate wix, flirs. 10, 11. 

Formation ami hralitt/. (lahMia shales, north branch of the Zuinhn> 
river. 

Lingfula (Glossina) deflecta. 

Shell medium size, subtrinngular; lateral margins diverging: 
more or less rapidly from an acute apex, to the broadly roundtMl 
and dellectcfl anterior third. Shell substance thick, and markeil 
by strong, irregular eonei'utric lines of growth, between whicli an* 

*Thc de^iujnations of figures ainl plates refer to Vol. Ill of the Final 
Report on the (ieoloi^y and Natural History of Minnesota. Advan* ♦* 
l^rints distriiuitp*! Ai>rVl, 1S!»*.?. 
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numerous finer ones. In a profile view the line of conjunction of 
the valves is more or less convex dorsally. Pedicle (ventral) 
valve fiat or slightly concave along the center lengthwise, and 
strongly convex transversely. 

Brachial (dorsal) valve strongly convex, both tmnsversely and 
longitudinally'. In the interior of this valve the cardinal margin 
is broadly flattened, striated, divideil centrally by a well defined 
narrow depression which terminates at a point one- fourth the 
length of the shell from the posterior erlge. Near the |K)sterior 
end of the depression are faint traces of the umbonal scar. Tlu^ 
vascular trunks are discernible on each side and anterior to the 
rostral depression; thence having the same curve as the outer mar- 
gin of the valve, proceed* to a point somewhat l)eyond the poster- 
ior half of the shell, where they gradually converge and meet near 
the anterior margin. Viiscular branches originate onl}- from the 
outer side of the vascular trunks. There is no other species of 
Liiigula from the Lower Silurian, with the peculiar deflected anter- 
ior portion of the shell so characteristic of this species. 

Plate XXIX, figs. 15-18. 

ForinatioH it ad loc4dity. Xear the base of the Galena, near Fountain, 
and in the Hudson River, near Spring Valley, Minn. 

Lingulasma galenensis. 

Shell large oblong: subpentagonal. Anterior margin slightly 
convex, somewhat produccMl in the center. This species diflTei-s 
from A. sr/mchfrti Ulrich, in that the brachial (dorsal) valve is 
sleeper: platform and median .septum shorter, and the crescent 
smaller. In the pedicle (ventral) valve the platform is also shorter 
and is of an entirely different shape. The muscular scars of this 
s|HHiies are also more distinct, while the interior pe<licle area is 
absent. 

Plate .\xx, rigs. 14. 

hWintitinn and hfCidity. Near the top of the (ialeua liniestone, Hear 
ereek. south from Hamilton. Minn. Also in the Galena limestone at 
Derorah, Iowa. 

Strophomena septata 

This species seems to be a local development of S. fn ntunm.'d's- 
and so far as external characters are concerned no distintrnishintr 
features can be |)ointed out Compared with »V. nt,/nsu we find a 
still cl<»ser ireneral resemblance, both cxternallv and internallv. 
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It can, however, l)e neparated readily from both when the interior 
is shown, by the strong mesial septum of the pedicle (ventral) 
valve. This originates between the diduetor scars and continoei 
to increase in strength to near the anterior margin wherc» it often 
coalesces with one or two of the vascular ridges. In S. tretUot*. 
rnxix the thickening of the interior near the anterior margin of the 
pedicle valve is obsolete, or entirely undeveloped — which id 
another distinguishing feature. The cardinal processes in lx)th 
these species are also more elevated, while the rostral thickenin|r 
ujjon which it rests is less strongly develope<i than in S. rHyo$*i. 
The septum of the pedicle (ventral) valve in S. aeptata, will alm> 
distinguish it from S. hicKivata, in addition to its smaller sixi», 
and companitively greater width than length. 

Plate XXXI, figs. 1-3. 

Formation and locality. Coinmou in the upper third of the TreuUm 
shales at St. Paul and Minneapolis, and at Pleasant Grove, (Jlmsted C(s 
Minn. 

Strophomena planodorsata. 

Large, semi-circular or sub-quadrate in outline, concavo-con- 
vex, wider than long, greatest width along the hinge- line or 
immediately in front of it. Surface with fine radiating stria* every 
other or every third one somewhat stronger than those; interme<li. 
ate, crossed by exceedingly deli(!ate and closely crowded con<tMi- 
tric lines, and towanis the anterior margin by a few larger sul>. 
imbricating lines of growth. 

The si7x», large flattened ai'ea <;f the dorsal valve, and the sub- 
quadrate muscular area distinguish this sjK^i'ies from all others of 
the S. ruyosn type. 

Plate XXXI, figs. 8-10. 

Formation and locality. Hudson Hiver group, Spring Vall«»y: Inwi 
Kidge, WIh.: Wilmington, III. 

Strophomena scofleldi. 

Shell .small, semi-circular in outline, V)iconvex, with a uion* or 
less prominent fold and sinus toward the anterior margin: hingi*- 
line a little shorter than the greatest width; an»a of peilicle (ven- 
tral) valve forming an angle of alxmt 140° with the plane of the 
lateral margin, centrally occupied by a convex perforat*^! delti- 
<Uum; that of the brachial (doi-sal) valve fitting closely against 
j(he other valve. Surface marked by numerous crowde^l. 
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roundeci, nidiating striee, inereiising in number by implantation, 
and from 110 to 120 along the outer margin in adult shellR, 
crossed by delicate, crowded, concentric lines and a few coarser 
growth marks. 

Brachial valve not deep, evenly convex or with a fold near the 
anterior margin. Cardinal area very narrow, and slightly re- 
flexed. Cniral plates prominent, very oblique, coalescing medi- 
ally; upon this thickening at the base two low ridges originate 
which continue upward and outward into the small low cardinal 
processes, about one half of which is covered by the deltidium. 
Immediately underneath the crural plates are two pairs of small 
adductor muscular scars, separated by a low rounded and short 
septum which bifurcates anteriorly. 

Pedicle valve somewhat deeper than the other, evenly convex 
or with a broad shallow sinus near the anterior margin. Hinge 
teeth prominent and joining with the outer elevated margin of 
the short, sub-oval muscular area. This area is centrally divided 
hy a low ridge separating the two pairs of adductor and diductor 
scars. 

This species is of the type of /S. sinnata (James) Meek (Pal. 
Ohio, vol. 1, p. 87, pi. v, figs. 5// to 5/), but can Ik* distin- 
guished readily from that species by the smaller size and great<»i 
numl>er of striie, which is about 60. The profound fold and sinus, 
greater size and less numerous strije of *S. xulcntn de Verneuil, 
will distinguish it from S. Hmfithli. 

Plate \\\\y flgs. 17-20. 

FomuUion and loc4ility. Rare near the top of the Trenton shales at 
Minneapolis and St. Paul: common near the base of the Galena in asso 
ciation witli ClitamhoniteH dirermi at several localities to the south of 
Caonon Falls. 

Strophomena emaciata. 

Shell small, depres.sed, biconvex, semi-circular in outline: 
hinge-line somewhat less than the greatest width of the valve. 
Surface marked by numerous angulated radiating stria*, increas- 
ing in number by interpolation, from 05 to 75 of the large and small 
ones along the anterior margin. 

Pedicle valve depressed convex, sub-angulated medially, great- 
est point of elevation al>out mid-length. Canlinal area narrow, 
less than 1 mm. in width, strongly elevate<l with a very convex. 
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jipically perforated deltidiuin, which is somewliat. wider tbau 
long, and excavated posteriorly for the rt»ception of tliat of tlw 
other valve. 

Brachial (dorsal) valve nearly flat or slightly convex, with a 
shallow mesial sinus, having its origin near tlie beak and rapidly 
widening to the anterior margin, which is more or less sinuous 
according to the depth of the medial depression. Cardinal area 
linear with a short, broad. deltidium partially covering the canlinul 
process. 

This little species of Strophomena is separated readily from all 
other biconvex forms of this genus, in having a rapidly widening 
mesial sinus in the brachial (dorsal) valve, and the pedicle vahv 
sub-angular along the median line, while in all other relatinl sj)e- 
cies these characters are the reverse. 

Plate XXXI, figs. 21-24. 

Formation and iocaliti/. Near the base of the (valeuu, associated with 
Ch'tauihoniffH dir* rtta, south of Cannon Falls. 

LeptaBna charlottse. 

Shell small, transversely semi-oval, plano-convex, geniculate, 
with the sides slightly convex, ami converging to the broadh 
rounded front, or drawn out tongue-shaped; hinge-line as long 
or somewhat shorter than the greatest width of the shell. Sur- 
face markcil by fine, closely crowded, alternating striaf a« in 
/i(ijin('xtjKuifi alfrntatii, crossed by exceedingly delicate conct*ntrie 
lines, and over the visceral disc of each valve bv mon» or less 
continuous zigzag undulations or wrinkles. 

L. rharJotta differs from any other American species of L*^p' 
ffi mi in its zigzag concentric surface c»orrugations, and other 
minor featui*es which can be seen more readily in the illustrations 
than by any written comparison. Plate xxxii, figs. 1-5. 

Plate xxxn, figs. 1-5. 

Formation and locality. Upper portion of the Trenton limestODe and 
base of tlie Trenton shales in tlie Bryozoa layers at Minneapolis and 
St. Paul. 

Plectambonites gribbosa. 

Shell small, semi-circular in outline, strongly <'oncavo-i»onvex, 
wider than long, greatest width along the hinge-line. Surface \'or\ 
finely striate, with six or seven stronger Htriations on each valve, 
much as in /*. tninxvirsnlis. 

PtMlicle (ventral valve) very giblM)us and sub-carinate nuMUallv: 



y^etr lirachiopoda, — Wimludl ami Schuchert. 281> 

lateral slopes rapid and slightly concave: greatest elevation about 
mid-length. Cardinal area strongly elevated, slightly concave, 
somewhat wider than that of the other valve; delthyrium alnnit as 
wide as long, with a small deltidium in the posterior portion, and 
more or less occupied by the cardinal process and deltidium of the 
other valve. Teeth small, 8upi>orted by strong dental lamellte. 
Diductor muscle pits deep, short, strongly diverging and separated 
posteriorly by a small septum. 

Brachial (doi*sal) valve concave and closely following the curva- 
ture of the other valve. Cardinal area wide, flat, retrorse; del- 
thyrium with a large, simple cardinal process more or less covered 
by a deltidium which is usually imjK»rfect medially. Crural 
processes short and widely divergent. Adductor muscle seal's 
broadly triangular in outline, loV)ate. with the outer margin 
strongly elevated. 

The convexity of its valves, and the interior characters of the 
brachial valve will distinguish at once this species from P. seHrca 
Sowerby and I\ dfcipi*ns Billings. Plate xxxii, figs. 13-17. 

Plate x.xxii, figs. 13-17. 

Ffrrnnttion tind hcality. (valena limestone four miles south of Cannon 
Falls, anil at Mantor\'ille, Minnesota. 

Orthis meedsi. 

Shell of medium size, suborbicular, in outline: biconvex; an- 
terior margin broadly deflected dorsally : hinge-line al)Out one- 
fourth shorter than the greatest width: surface marked by strongly 
elevated, sharply rounded stria?, from forty -five to seventy on 
each valve along the anterior margin, crossed by numerous thread- 
like lines of growth: stria? arranged in bundles of two or three, 
those of the j)edicle valve bifurcating, while on the brachial valve 
an increjuse takes place by interpolaticni. Exfoliate<l specimens 
show two or three rows of small black spots terminating on the 
striie, which may represent perforations in the shell substance. 

Pcnlicle (ventral) valve slightly convex, with a broad shallow 
inus: cardinal area of moderate width; slightly concave, elevated 
beyond, or depressed below that of the brachial valve; delthyrium 
small, triangular: beak slightly incurved. Interior characters of 
the valve are like 0. pectinefhi but less sharply defined. 

Brachial valve strongly convex centrally, with the lateral |K)st- 
erior areas somewhat concave: cardinal area very narrow, slightly 
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concave, with a broad delthyrinm, which is occupied in imrt 
])y a striated cardinal process. 

Plate xxxn, figs. 39-42. 

Fan/uUion and locality. Top of the Trenton shales at St. Paul, in 
association with 0. p€rt%neH4t and variety itweeneyi. Cannon Falls, Ken- 
yon, Fountain, and elsewhere in Minnesota; Neenah and Oshkosli, Wis.-. 
McGregor, Iowa. 

Orthis meedsi var. germana. 

This variety is differentiated from the above species by the fol- 
lowing characters: Smaller in size and sc^uarer in outline: valves 
more strongly and evenly convex: hinge-areas nearly ecjually wide 
but narrower, with the beak of the pedicle valve slightly* elevated 
beyond that of the brachial; pedicle valve with a slight, some- 
what angulated fold, while the brachial; has a shallow but dis. 
tinct sinus which originates immediately Inflow the api'x of the 
valve. These produce a slight sinuosity in the anterior margin, 
the direction of which is the reverse of that in 0. mffthi. 

Plate XXXII, tigs. 48-45. 

ForrmUion and locality. Not rare in the Galena formation at a horizon 
which is about 30 feet above strata holding Gliiatnhoniten dit^rna at several 
localities south of Cannon Falls, near Kenyon and Fountain. 

Orthis proavita. 

Shell of medium size; sulxjuadrate; hinge line e<iuiil to, or a 
little lc*8s than the greatest width of the shell; canlinal angles 
rounde<l or rectangular; sides gently c<mvex and converging to a 
more or less flattened or slightly concave anterior margin. Sur- 
face marked by simple, sub-angular stria? having their origin at 
the apex of the valves or immediately l>elow it, addition takmg 
place by interi>ohition on the brachial and bifurcation on the jkhI- 
icle valve; one to three stria? terminating on the cardinal margin 
<m each side of the uml>o; \\i\ to 42 in numlmr on matun' exam, 
pies, crossed by a variable nuniU^r of imbricating growth lim*s 
near the anterior margin. In some of the specimens the anterior 
margin is sharply reflexed as by old age. 

PiMlicle valve has an insignificant mesialelevation. Area ctim- 
paratively narrow: deltliyriuni broad, triangular, two-thinls oc- 
cupied l»y the cardinal pr<H*ess of the other valve: beak somewhat 
incurved. Interior cliaractcrs as in 0, anlHjimdrnta. 

Brachial valve more or lc*»s strongly convex, greatest elevation 
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about mid-length. A shallow, or sometimes well pronounced 

broad sinus is present, having its origin in the upper third of the 

valve. Area narrow, perpendicular or slightly inclined forward. 

Differs from 0. iphigenia Billings, in having the fold and sinus 

reversed, and less numl^er of stri«e. 

Plate XXXII, figs. 51-58. 

Foi^uUion and locality. Not raro in the upper portion of the Iludsou 
River group at Spring Valley. 

Zygfospira uphami. 

This species occurs in the (ialena limestone al)Out 50 feet al)ove 
the layers holding Z. rtfrnrvirostriM in abundance. Its general 
expression shows it to be a descendant from Z. rerun hoMtn'M but 
differing from it in its much larger size, stronger convexity of 
the valves and somewhat finer stria?. The last feature is more 
apparent than real, due to the greater size of Z. iijihami. Some 
specimens from which the shell has partially l>een exfoliated, 
show the interior of the pedicle (ventral) valve to have a strong 
muscular cavity extending from the l)eak to al)out one thinl of 
the length of the shell. From the antero- lateral margins of the 
area originate two prominent, diverging ridges, probably the 
markings of the main trunks of the vascular »_) stem which l)ecome 
obsolete near the front margin. The crural plates of the brachial 
valve are very strong, and at their bases coalesce with a stout but 
rather short median septum, upon each side of which i)osteriorly 
are situated two depressions of the adductor scars : the second 
pair undefined. 

Z. uphami is the linking species between Z. nrin'ciroHtrt's 

and Z. firativAi Hall, and Z. Iiptuli Hillings. Its nearest relations 

are with Z. erratica. 

Plate XXXIV, fig8. 45-48. 

Formation and localily. Middle of the Galena hori/.on at Weisbach's 
dam, near Spring Valley, and near Wykoff and Fountain. 

Hallina, u. gen. 

Shells small, articulate, rostrate, biconvex, semi-plicate. Pe<l- 
icle opening l>ounde<l laterally by incomplete deltidial plates. 
Calcified brachial supiK)rts comparatively long, somewhat longer 
than one-half the length of the brachial valve, and in form much 
SIS in Wnhlheimia. The detailed structure of the articulating and 
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cnnliiial procesHes is unknown. In tliin se<*tions it is sliown tluit 
the erurul plates of the bracliial valve do not converge nieclially 
and join with the j)08terior end of the nie<Uan septum as in Wahl- 
liifiinia. but that they prolnibly coalesce with each other; a iiie<l- 
ian septum is not present. Muscular seal's undetermine<l. Shell 
structure impunctate. distinctly ftbix)us. 

Type. Hallina Miffordi^ n. sp. 

Named in honor of the veteran pala'ontoh)gist, of Albany, N. Y. 
IldUina naffordl and //. nicnllrti do not show a punctate shell 

structure, either in thin section or on the exterior surface of the 

shell. The rudimentary deltidial plates, absence of a median 

septum in the brachial (doi-sal) valve, and the impunctate shell 

structure will distinguish HaUinn fi-om Wahllu hnin ami relate<l 

genera. 

This is the earliest known terebratuloid genus, and it is n*pn»- 

sentt'd by two abunchint an<l widelv distributed species 



Hallina saffordi. 

Sbell verv small, ix>strate, regularlv elongate, oval, striate and 
evenly bi-convex. Pedicle (, ventral) valve somewhat more convex 
than the other: point of greatest elevation alK)ut mid- length, 
slijrhtlv carinated, but otherwise evenlv convex in all din*ction.s. 
Jieak stronglv incurvinl, but not in contact with the umlM> of the 
brachial valve, with a small pedicle opening which is partially 
surrounded anteriorly by incomplete deltidial plates. Teeth 
well developed and supported by delicate, sti'ongly obli<{ue dental 
plates; other interior characters undefined. 

Brachial valve evenlv c»onvex with a verv shallow sinus \\\ tlie 

ft ft 

anterior half. Urachial sup|K)rts straight fi-om the cm ml plates 
for a short distance forward, then bending backwards and later- 
ally, turn and pro<*(HHl forwards a short distance beyond micl- 
lengtli. and nearly parallel to each other, when* they lK»nd rather 
abruptly upwards, and medially join at a point which isata)>out 
one-half the length of the calcified brachia. Thin sections <io 
not show strongly thiekentMl crund plates, nor a median septum 
amalgamated with the former at the jM)sterior end. There is prob- 
nlily a small cardinal process present. 

Surface marktHi with from IT) to 20 suluingular stria*, which 
terminatt* on the posterior third of the valve, no concentric lines 
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of j^rowth observable. Shell structure fibrous and apparently iin- 
punctate. 

Plate XXXIV, figs. 55-58. 

Fornmtion and locality. Common in the **Glade" limestone at Lebanon, 
Tenn.; also near the top of the Hirdseye limestone at High Bridge, Ky. 

Hallina nicolleti. 

Shell small, rostrate, biconvex, oval or .sub-circular in outline. 
Pedicle (ventral) valve convex; jK)int of greatest elevation about 
mid- length, with a shallow, very narrow sulcus down the centm 
Iwrdered on each side with a low rounded ridge, which towards 
the anterior margin becomes more prominent. The anten)-latcral 
limits of the shell mav be smooth, or with as manv as fi\i} low 
rounded plications or marginal undulations. Heak strongly in- 
curved, and with a small, oval pedicle opening, bordered by rudi- 
mentary deltidial plates on each side. 

Brachial (dorsal) valve evenly convex, and trilol>ed toward the 
nnterior margin: in some specimens the lateral lolies may have 
.jis many as six low rounded plications along the front margin. 
Calcified brachial supports much as in IlnUinn snffoiuU, except 
that the outer Viands are curved laterallv, while tlie anterior, 
recurved portion is shorter. Articulating proct>sst»s and muscular 
scars unknown. 

Unlluni nicoIh:fi is an easily recognized species, in its small 
size and cumarclloid exterior. It differs from 1 loll inn saffordi 
in the fold and sinus, and the usually obsolete marginal plica- 
tions. Its associated sptxiies are the same. 

Plate xxxiv, figs. 59-62. 

Formation ami locality. Abundant in the upper third of the Trenton 
limestone at Minneapolis, Mantorville, St. Charles, Rochester and Foun- 
tain. Also at Decorah, in Iowa, and Beloit, Wis. 

Rhynchotrema inaequivalvis var. laticostata. 

In the shales of the lower portion of the (Jalena south of Can- 
non Falls R. hut quh 111 vis i = R. incrfftcucens) often attains a far 
greater width than is usual for the species. The four plications of 
the fold are closely arranged, while the five or six on each side of 
it are spread out, and are therefore larger than in that species. 
The junction of the two valves along the anterior margin is also 
more largely flattened. These specimens if found alone would Ih» 
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regardeil at once as a distinct species. Their development begios^ 
in the upiwr portion of tlie Trenton shales, where specimens are 
occasionally picked up at St. Paul. It is, however, not until this 
species is found in association with CUtainhonit€» divtrsa Shaler, 
that the varietv l)ecomes common and attracts one's attention. 
In the Trenton of New. York and Kentucky occasional specimens- 
are met with approaching var. faticosfata, but none of them are 
so strongly transverse as the Minnesota individuals. 
Plate xx.xiv, figs. 26-29. 



THE DRIFT OF THE NORTH GERMAN LOWLAND. 

Roi.LiN D. Salisbiby, Madison, Win. 

Dr. Felix Wahnschaffe, of the German geological survey, has 
recentlv issued :i small volume entitled ''The Causes of the Sur- 
face Form of the North <ierman Lowland.*'* As the title indi- 
cates, the volume is primarily geographical, but it discusses the 
geography of the area under consideration from the geological 
standi>oint. The lKK)k is particularly welcome to American 
glacialists, since for the first time it presents in compact form the 
general conclusions which have thus far l>een reache<l in <? ermany 
in the fiehi of glacial geology, and atfonls a convenient an<l ade- 
cpiatt* basis for a comparison between the corresijonding phenom- 
ena of (Jermany and the UnitAHl StaU\s. Most of the publications 
on the glacial gi»ology of (Jermany, which have heretofore* ap- 
|H»anMl. have lK»en special rejwrts on circumscrilxMl areas. These 
publications have not lM»en widely distributed, and are not so well 
known to American geologists, as could Ik* desired. Dr. Wahn- 
schatfe's publication will thert»fore bi* of great interest and service, 
since it will aid in correlating the phenomena on opjxwitc* sides of 
the Atlantic. It is the pur|>ose of this article to review the salient 
featun»s of Dr. Wahnschatfe's volume, and at the same time t4» 
make some suggestions concerning the correlation of <ierman antl 
American glacial formations. 

The volume has many excellencies. The authors sense of pn>- 
portion is good, and special iK)ints are not inagnifie<l at the ex- 
pense of other iM|ually imi>ortant ones. The lKX)k do4»s not at- 
tempt morr than it acconiplishet. In (Jermany, no less than in 



*l)ie rrsachen der ObertiilcheDirestaltung des N<»rddeut8chen Flaoh- 
lundes. pp. 100, Stutturart: Verlag von J. Kngelhorn. 1801. 
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America, there are many (|ucstions connected with the formations 
of the ice age, concerning which there is not unit}' of opinion, 
and individual opinions are held, with certainly not less tenacity 
in Germany than in America. It is a conspicuous merit of the 
volume before us, that the author has stated with much fairness 
and discrimination the conclusions of other geologists where they 
do not agree with his own. In his copious bibliographical notes, 
the author shows his intimate familiarity with the literature of his 
subject. This is true not only of German literature, but of that 
of other countries as well. Although we are compelled to dis- 
sent from some of the conclusions reached bv Dr. Wahnschaffe. 
and although we could have wished a fuller discussion of some of 
the questions involved, the volume is nevertheless a very satis- 
factory' discussion of the glacial formations of the area under con- 
sideration. The order of treatment is generally historical, so that 
the volume gives us a sort of history of the evolution of opinion 
concerning the glacial formations of the territory di>scril>e<l. 

The questions of glacial geology have Ikhmi studie<l for the most 
part independently in Germany and in the United States. It is 
gratifying to observe how closely the conclusions arrived at by 
the geologists of the one country agree with those of the other. 
Yet there are some points of difference. In some cases these 
differences are hardlv more than verbal, and vet these verbal 
differences have more than once given rise to misunderstandings 
and to controversy. In other cases the differences are radical. 
The differences in the Prepleistocene geology and toix>graphy of 
the ice-invaded territory of Germany and America may be largely 
res|>onsible for the difference in the history of opinion in the two 
countries. The differences in the methods of work have likewise 
helpe<l to deveIo[) diverse interpretations. It is interesting to 
note that the differences between the present conclusions of < Ger- 
man anci American glacial ists an» much less considerable than 
thos4» of an earlier date*. 
TopiHjniphif nntf Relief (tf Xnrth (/rninnit/ du*- mainly ttt Drift. 

Dr. Wahnschaffe devotes a chapter to the discussion of the re- 
lations of the Prepleistocene formations of north Germany to the 
present surface. His conclusion, which seems toln* well founded, 
is that the relief and to|)ography of north <iermany ari» mainly 
due to the dis)>osition of tlu» drift formations. A table of deep 
borings extending through the drift into the Prepleistocene forma- 
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tions below, reveals the interesting fact that in many places the 
upper surface of the Prepleistocene formations is below the level 
of the sea. Were it not for the drift, a very considerable jiortion 
of north (iermanv would be covered bv salt water. In several 
places where the depth of the drift is known, its lower surface is 
more than 100 meters below the level of the sea. In one platr 
its lower surface reaches the astonishing depth of KiO meters lie- 
low sea- level. 

The disturbances of the Prepleistocene formations by ice- pres- 
sure during the glacial period are discusse<i. The conclusion i> 
reached that such disturbances, resulting in the folding and dis- 
torting of strata, were widespread, but that they did not atUiin 
such proportions as to exert an important influence upon the geog- 
raphy of the region atfected. 

Thich'ni'ss of drift. The chief interest in the lKX)k centers in 
the discussion (»f the glacial formations themselves. The thick- 
ness of the drift presents variations not less than those which 
characteri/.e the corresponding formation in our own country. In 
many localities the depth of the drift is more than 100 meters. 
The greatest depth given is 171 meters, but even at this depth tlu' 
lM>tt<)m of tlu* drift had not been reached at this localitv. One 
hundred and seventy -one meters is somewhat more than the great- 
est thickness of the drift known to the writer in the United States. 
The average depth of drift on the north (Jerman '^ttatland' is 
probably greater than that over most areas of va\\\x\\ extent in our 
own country. This is no doubt in part the result of the softer 
character of the formations over which the ice there spread. 
They were nion» easily enxled, and to ti greater depth were con- 
verted into drift. 

At the beirinning of the chapter which discusses the etfcnn of 
the ice upon the geography of north (lermany, the author reviews 
tin* history of (►pinion <*oncerning the drift of (Jermany. This 
involves :i review of the history of opinion concerning the glacial 
hypothesis, from the time when it was shown to be imjK)ssible. to 
the time when, in spite of its imjiossibility. it was demonstratiMl 
This is not the first time that that which was believed to be niath- 
I'lnatically impossilile lias proved to be true, particularly in gtN»l- 
ogy. Concerning the application of mathematics to geology |)r. 
Wahnschatfe i^uotes approvingly the stateim'ut of F. von Kicli- 
tliof(>n: -Mathematical eaIcuIati<Mi is inclined to lake tcM) little 
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cognizance of the facts which are established by observation, and 
in their stead to start from premises which liave nothing to do 
with the problem in hand. The result is that mathematics, by 
very painstaking methods, sonu*times reaches results which are 
altogether without value for the (explanation of the real relations 
of things.' (p. r>2.) 

Stria. One of the striking ditferences between the gla(^ial 
phenomena of Germany and America is the paucity of striae in 
the fornn»r country. The ice there invaded t(»rritory whose 
formations lx»long largely to the Cretaceous, Kocene and Neocene* 
j>eriods. They are unindurated and therefore not adapted to the 
reception and retention of stria*. These formations contributed 
generously to the drift, and were finally deeply buritnl l)y it, so 
that rock exposures are relatively ran*. The strong contrast be- 
tween the two countries in the matter of strijecan Itardly 1k» more 
forcibly illustrated than by indicating that within the space of ten 
pages the stritv of each known locality in (Jermany are not only 
mentioned, but discussed, as well as such other phenomena of 
glaciation, — planation, polishing, mrJus mnutninif'vs^ etc. — -as 
are intimately connected with strijc. Since stria? on bed rock, au<l 
their accompaniments wen* at the outset regarded as the most 
convincing pn)of of an ice sheet, and since the surface inf<»rior 
to the drift in Germany is rarely exj>osed, and since thc^se ex- 
posures an* rarely of such material as to exhibit strijv, planation, 
etc., it is not strange that the glacier hypothesis did not find so 
ready acceptance in (icrmanv as in our own country. 

Till mninltf HiilKjlarial. The till of (icrmany Dr. Wahn.scliatTe 
regards as abnost wholly subglacial. While a<hnitting the possi- 
bility of superglacial till, lie does not regard it as having any 
considerable tlevelopment in Germany. In this respect Dr. Wahn- 
schatfe's opinicm is sharply in contrast with that of some Ameri- 
can gtM)logists, who hold to the i<lea of very considerable thick- 
masses of superglacial till overlying the subglacial. and in con 
sonance with the view of other American geologists who believe 
that superglacial material has but relatively slight development in 
our country. The reasons assigned (pp. S2-!>) \)\ Dr. Wahn- 
schatfe for cla.ssifying essentially all the till as subglacial. would 
not lx» of force as applied to material transferred from a sub- 
glacial to a superglacial position, if such transference takes phn-e. 
And such transference i> a^sunuMl to be possible (p. SiJi). The 
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references cited in support of the position that subglaeial material 
may become siiperglaciai, are based on observations on existing 
Alpine glaciers. Here the supposed transfer of stonj* material 
from the l)ottom of the glacier to its upper surface is accompanied 
by conditions which would not exist, or which would not exist to 
the same extent in plane regions. 1 believe it is true that the 
tninsference of subglaeial material to a superglacial position is 
facilitated by these conditions, if not entirely dej>endent on them. ' 

The ice-sheet which invaded Germany had descendetl from a 
mountainous region. The ice-sheet which invaded the United States, 
while it descended from high lands, did not start from, or piuss over, 
a region nearly so mountainous as that of Scandinavia, from which 
the German ice-sheet took its source. It would be expected there- 
fore that Germany would be more favorable territory than the 
r n it ed States for the development of superglacial till, whatever the 
process by which it became supei glacial. Under these circum- 
stances it would seem that if any ditference exist between the quan- 
tity of superghicial till in the two countries, Germain' should have 
the more. Dr. Wahnschatfes opinion as to the paucity of super- 
glacial till in (lermany is therefore significant, and is in Imrmony 
with the writers opinion concerning the same sort of till in the 
I'nited States. 

Tht Ground Moraim . Dr. Wahiischatfe discusses the metho<) 
of transi)ortation and deposition of the ground moraine. The 
views of the various German Geologists who have expressed opin- 
ions ujKm the subject are cited and discussed, lleim is cited as 
holding the opinion that material can be carried forwanl 1)eneath 
the ice onlv where and when it is frozen to the ice itself. Haas 
introduces variety, if not value, into the series of o{)inious cron- 
eerning the method of dejiosition of the ground moraine, by sup- 
|>osing that wherever the thickness of the ice was considerable, its 
weight must have converted its lower portion into water, so that 
betw(*en the ice and the land surface beneath it there was a layer of 
water in which the deposition of the till took place, and that the ict» 
really resttnl u|X)n the land surface only near its margin where its 
thickness was not great. From this view Dr. Wahnschatfe dissents, 
lie a<lvocates the view — so far as the writer is aware the onlv one 
ever held by glacialists in America — that the ground moraine was 
accumulattHl gradually beneath the ice. The lower j)ort ions of 
anv considerable ImmIv of till in anv jxivcn localitv, are therefon* 
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older than tlu» upper, by some short period of time, at least. \\\ 
support of this position, Ijowlder pavements and isolated bowlders 
in beds of till are cited, wliose upper surfaces were striated by the 
passage of the ice-current over them, after they had ceased to 
move. The (mly reference which Dr. Wahnschaffe makes to the 
amount of material which can 1h^ carrietl l>eneath the ice at anv 

• 

>^ven time is the citation of ]*enck's opinion that till to the thick- 
ness of several meters mav bc^ carried beneath the ice at one time. 
We should have l)een glad of Dr. Wahnschaffe's opinion concern- 
ing the positions in which ground moraine material is dei)osited, 
with reference to the margin of the ice. But to this ix)int we find 
no reference. 

Ttctt (rlaritil Epoclm. Tlu» history of opinion concerning the unity 
or otherwise of the glacial periotl is discussed, though less fully than 
geologists could have wished. The meagernessof the discussion at 
this i)oint is probably the result of the fact that the object of the 
book is primarily geographic, rather than geologic. Dr. Wahn- 
schaffe lK»lieves that there wen* two glacial e|x>chs, and most of 
tlie (rcrman glacialists hold the same view. The evidences cited 
for a bi-fold division of the drift, and therefore for two glacial 
ejMK'hs, an* mainly (1) the existence of vertebrate remains in the 
IhhIs of sand and gravel which separate IkhIs of till in the vicinity 
of Berlin: (2) beds Qontaining marine shells in like stratigraphic 
|)osition at various localities in the northern part of <Termany; 
and (3) diatomaceous earths, likewise between beds of till. Most 
weight is attached to tln' first line of evidence (p. S7). Dr. Wahn- 
schaffe recognizes the [)ossibility that the diatomaceous earths 
miglit have accumulated near the tnlge of the ice in situations tem- 
I)onirily abandoned by it, during the retreating phase of an oscil- 
latory movement. Under these circumstances, the next advancing 
phase of the ices oscillatory movement might bury the diatoma- 
ceous earths iMMieath a new be<l of till. In view of this j)ossibility 
Dr. Wahnschaffe |>oints out the fact that these diatomaceous 
<»arths interlK»dded with till do not necessarilv indicate an inU»r- 
glacial ej>och. Xeither does our author regard the de|>osits of 
marine shells as conclusive. Manv of them are not known to Ik* 
in the i)Osition in which they were deiMjsited by the sea, and the 
various shell lH»ds have not been correlated with each other with 
any degree of certainty. They ap|>ear to belong to more than 
one horizon. Those marine shell beds which retain the jM>sition 
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in which they were dejwsitod by the sea, must lue^in a recession 
of the ice sufficient to allow the sea to occupy the area where they 
occur. But the question might i^e legitimately raised whether a re- 
cession of the ice no greater than these shell IkmIs would necessitate, 
must necessarily be interpreted as proof of two glacial eiK>ch^. 
Such recession, particularly if of short duration, might \w. looked 
upon as no more than a great oscillation of the edge of tlie ice. 
Thc vertebrate remains in the sand and gravel la^'ers betwtH»n l)edi* 
of till in the vicinity of Berlin, would seem to us to have the same 
significance as the shell beds. So far as these fossils indicate a 
temperate climate, their significance as indicating a gonial inter- 
glacial interval, is increiused. Dr. Wahn.schafi'e does not give the 
spi*cies represented in these fossil l)eds, nor does he indicate the 
climatic conditions to which they testify. Hut if we an» rightly 
informed, they are fossils of species which do not indicati* a climate 
of great severity. The abundance of terrestrial mammalian re- 
mains in the gravel and sand separating be<ls of till in certain re- 
gions, is perhaps more significant than the abundance of marine 
shells in corres|M)nding situations, since the mammalian remain> 
accumulate nion* slowlv. 

ft. 

The evidences of more than one ict» ej)och which are most strruigly 
reliwl upon by glacialists in America, are not brought out in the 
treatise In^fore us. It would seem either that the evidence's d«» 
not'exist iniJermanv. or that thev have not b€»en made use of. The 
author does not indicate that there are in (lermanv (1) soils rest- 

ft ' 

ing upon till or any form of older drift, buried by later ghicial 
formations, lie d(H»s not indicate that there are (2) beils of drift 
whose surfaces are much weathered and deeply oxidizinl.now burii^i 
by later drift deiK>sits, whose surfaces an* much less weathered 
and oxidized: nor does he. in this connection, emphasize (vt) the 
difference lM»tween the amount of sub-aerial en>sion sutTered hv 
the surface overspread with the drift which is regardetl as first 
glacial, as compared with that sutfcRHl by the surface ovei-spread 
with drift which is reganled as second glacial. In another ixm- 
nection. the fact is referred to that the lakes of (Jermanv lie for 
the most part in and north of the Balti<* ridge which crosses (Jer- 
manv in a coui*se roughly concentric with the north iterman i*oast. 
This lake area lies wholly within the limits of the sec<md glacia- 
tion. according to Dr. WahnschaflTes interpretation, hut the 
abundance of lakes in the Baltic ridgt* and north of it. is not 
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citecl OS evidence of the greiiter youth of the surface of this re- 
gion. Nor does Dr. Wahnschaffe refer (4) to the more extensive 
<1isintegnition of the bowlders of the drift in the southern part of 
f rerman}', as compared with that of the bowlders in the northern. 
Differences in the direction of the movement of the ice at differ- 
ent times, as indicated by differences in the direction of .stria?, and 
«*8pecialiy as indicated by the different regions from which material 
was successively transported to a given region, also constitute a 
valuable criterion when taken in connection with the points al>ove 
stated. In his chapter on stria; Dr. Wahnschaffe refers to the 
phenomena which indicate different dirt»ctions of ice movement. 
But in discussing the question of two glacial epochs, these diver- 
gent movements are not made to support the theory of two ict? 
epochs. 

The foregoing are among the criteria which are especially relieil 
upon in America as proving a recurrence of ghiciation at widely 
s<;parat(Hl intervals. We believe they are much safer and more 
widely applicable criteria than those given in the volume l>efore 
us. My own study of the drift formations of (iermany in 1887 
and 1888 convinced me that the third and fourth iK>ints stated 
alx)ve are as well illustrated in (iermanv as in America. In mv 
judgment they are of more significance us indicating a long in- 
terval lK»tweiMi the deposition of the earliest and lat^^st glacial 
formations in (Iermany, than ail the fossil remains of whatever- 
sort, which liave yet l>een descril)ed. 

Extrnt of Sirond Glnrtah'on. As in America, the extension 
of the ice in (Iermany, in the st*cond opoch. according to our 
author, was much less than in the fii*st. The limits of the la.st 
ice advance however are still in doubt. It extended at lejist so 
far as to cover the eastern part of Schleswig-Holstein, Mecklen- 
burg, a large part of Brandenburg, Pommern and Kast and West 
Preussen. While some of the (lerman geologists would limit the 
sc^'ond ice invasion in the western part of (iermany to the lower 
course of the Kibe, Dr. Wahnschaffe l)elieves that there is suftl- 
cient evidence that it t^xtendtnl further .south. He finds traces of 
the work of the ice sheet of the second ejx>ch in the vicinity of 
Magdeburg. He also lH»lieves that the l)<jwlder-l>earing sand which 
covers the ^'Lttufltint/f r lltidr" southwest of the KIIk*, is last 
glacial. The basis for this conclusion concerning the sand of the* 
"Lnn*'hun/* r //*•/</#" is not fully given. A single crossing of the 
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Helilv in 1887 led me to the belief that tlie surface formation w** 
not last glacial. But Dr. Wahnschaffes conclusion floubtlesw 
rests on much fuller data than mv own. 

Nomvndnini'c. The classification and nomenclature em|>loyed 
in mapping the drift of north Germany is so different from that 
to which the American geologists are accustomed, that lioth tb* 
maps and the accompanying descriptions are liable to misintcrpre- 
tation unless one is familiar, in advance, with the exact meaning 
which is attache<l to each particular term. Many of the terms In 
use are the same as those employed in America, but the sigDifi- 
(umee att^iched t>o some of them is altogether ditferent. In Amer- 
ica, for example, the term tippvr tiff — a most unfortunate nann* 
— is generally understood to mean englacial or sui)erglaoial till. 
In (termany. the same term ioftmw Gfsrhiebeinert/ef) hixs a ven 
ditferent signification, and to one not jK)sted concerning the tech- 
nical meaning of the term, a most deceptive one. The term itself 
might suggest the till of the last glacial eiK)ch as distinct from 
the till of greater age, but this is not its meaning, though no till 
is 'dipper*' till {oftrrer Gtuchifl^t-men/tJ) which is not of hist glacial 
age. But not all of the till of the second glacial ei)och is classe^l 
as ''Upper" till. 

A mantle of l>owlder-bearing sand frequently covers the till of 
the last glacial epoch. The same sand sometimes rests upon the 
older drift. Whether this super-till mantle covers second glacial 
till, or whether it rests upon the earlier drift where the later failed 
to bi» de|K)sited or preserved, it is known as ''upper bowlder-lwar- 
ing sand* (oArrcr (ienvhufteHamf), or, briefly, as 'Hipper sand" 
(ofttrrr Santl). If 1 understand correctly the meaning of the 
terms, the bed of till immediately Iwneath the * 'upper sand" is 
classed as ''Upper till" {ofjfrrr Grxrhiffn'mergef), if it be, or if it 
be l»elieved to \h\ last glacial. The same IhmI or till, if not cov- 
ere<l by the mantle of ''upper sand," is likewise -Hipi^er till.*' 
The • -upper till" of any given locality is therefore the up|)crmost 
layer of .second glacial till, which there exists. If there be sev- 
eral layers of stH'ond glacial till s(»parated by IkhIs of sand or 
gravel, as is often the case, only the uppermost of these several 
beds is "upper till." while all the other layers of si»cond glacial 
till are groupetl with all the layei*s there may Ik» of first glacial 
lill, as ''lower till" (nut* n r Grsffittfttnirtyvf.) 

.lust as the uppermost layer of secoml glacial till in any place 
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eontttitutcs '^upper till' (ohirer GiMcftiehemen/rJ), so the upper- 
most layer of sand, if it overlie the uppermost layer of second 
glacial till, or if it be the stratigraphic equivalent of that which 
overlies the uppermost layer of second glacial till, is *'upi)er 
Hand" (ohrrer Sand). All second glacial sands which lie iK^tweea 
beds of second glacial till, or below the lowest of them, are classed 
with first glacial and inter-glacial sand, as ''lower sand" (un fever 
Sand). The infelicity of this classification and nomenclature is 
alluded to by Dr. Wahnschaffe, although it has been found to Ix^ 
a classification which is serviceable in mapping. Interpretations 
have changeil since the existing nomenclature was a<lopted, but 
the nomenclature has not changed to corres^iond with the newer 
interpretations. 

The '*upper bowlder- bearing sand" often immediately overlies 
a layer of l)owlderle88, stratified sand, whose proper stratigraphic 
position is said to be l)eneath the » 'upper till. '* This stratified sand 
is not understood to he "upper sand." Because of this strati- 
graphic relationship, the l)owlder-bi»aring sand at the surface is 
looked upon jis the remnant of a layer of "upi>er till'* which has 
esc»aj>ed removal at the hands of glacio-natant and iM)st -glacial 
waters, wiiile the finer clayey parts of the till wen» carried away. 
In this case therefore the "upper sand" is a remnant of the 
"upi)er till" and is really its efpuvalent. We do not understand 
that the uppermost bed of till, lying below '-upper sand," but 
separated from it by a l>ed of stratifiwl .sand, whose stratigraphi- 
cal jiosition is l>elow the "upper till," would lK»classe<l as '*upiK»r 
till," even though it Ik* the uppermost existing IxkI of second 
glacial till. The idea that the '-upper sand" is a residue of 'up- 
per till," formed as indicated, seems to be a prevalent one. It is 
in this category that Dr. WahnschaflTe places the lK>wlder-bearing 
sand which covers the '^Lmnlninjir Ihitlv." As already indicated 
the reasons given for such reference (p. JMI) do not api^ar to me 
to Ik; conclusive. Indeed none of the reasons assigned for be- 
lieving that the ice, in its scKX>nd invasion. crosse<l the KIIh' in 
western (Germany, seem to me to carry conviction. 

Dr. WahnschaflTe, jus well as other (lerman glacialists, recog- 
nizes the fact that within the formations of second glacial agi^ 
there ma}' be, and in many cases are, several binls of till separated 
from each other by layers of sand and gravel. While American 
glacialists are fully agreed with Dr. Wahnschatfe that several 
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bods of till separated by layers of sand may arise within tb«- 
period of one glaciation, we shall be likely to dissent from bis 
implied (though not explicitly stated) conclusion, that ever}' IkhI 
of sand interstratified with till, records a retreat of the ice, Ijar- 
ing the surface on which the sand accumulatcnl, and that each lieil 
of till overlyinor such bed of sand, records a re-advance of the 
ice. I am not authorized to speak for American glacialists in 
general, but T hold it altogether iK)ssil)le that the deposition of 
till may be succee<led by the deposition of stratifie<l sand, and 
this again by till, beneath the marginal portion of the ice, iude- 
jiendent of any change in the position of the ices edge. If eacli 
of the several layers of till which may locally alternate with sand 
were continuous over wide areas, and if the intervening la^'ors of 
sand were also continuous over wide areas, oscillations of the ice 
margin would seem to best explain the phenomena. Dr. Wahu- 
schatfe do(*s not indicate whether or not this is the condition of 
things in Germany. It would be a condition of things most diffi- 
cult of demonstration if true. From my ac(|uaintance with tbf 
iJerman drift, 1 do not think it generally true, and! see no reason 
for a.ssuming an oscillation of the ice's edge for each change from 
ice to water deiH>sition, within the lx)dy of the last glacial drift 
It is not to be understood that the writer is arguing against oscil- 
lations of the ice's edge. Such oscillations, l)oth seiisonal ami 
l)eriodic, are believed to have occurred, and thi^e oscillations may 
have given rise to many alternations of till and sand. But it is 
not deemtul nc^cessary to assume oscillations of the ice's e<lge to 
explain all alternations of till and sand. 

TnpiHjraphif of the t/nnnul mora int. Two distinct ty|)os of 
toiH)graphy are representcnl by the ground moraine, according to 
the volume before us. In the one case the surface is plain or 
but slightlv undulatorv, and more or less dissected bv vaUev>. 
some of which are dry. Within those an*as of ground moraiue 
where the toiK)graphy is of tlu» plainer tyjye, there an» occasional 
shar[) sinks of limite<l size, sometimes occuring singly, and some- 
times in series. Many of these depressions have lK»eometlie seat 
of iM>n«ls or bogs. Their existence is attributed to the action of 
water plunging down through crevasses from the surface of the 
ice, and wearing hollows in the land surface below. 

The second type of topography whieh characterizes the irixmnd 
moraine, as classified l>y the (Jerman geologists, is designatiMl 
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"ground moniiue landHCupe" {(irnmhnoi'ihtenlaiuhvh<ift)^ the most 
characteristic feature* of wliicli is its '*rapi(l chan{i:efi of level" 
within short distances. This toiM>graphy is further described as 
follows: ••Between the numlH»rless ridge- and niound-Iike eleva- 
tions, which are altogether without order in their arrangement, 
e an e(|ual number of depn^ssions, giving to the surface a broken 
aspt^ct. The elevations enclose countless roundish ponds and 
marshes, largely filled with peat and swamp deposits, as well as 
larger and more or less irregular swamps anil lakes. This abun- 
dance of lakes and marshes is sometimes * * * * so great 
that uiK>n the maps the till surfaces between them app(»ar almost 
sieve-like." (p. IMI.j 

The region where the typical "ground moraine landscape^" is 
lK»st exhibite<l is state<l to Ik' along the Baltic ridge (p. i)6), with 
which this type of toiK)graphy appeal's in general to b<» intimately 
connected. It would appear from Dr. Wahnschalfes description 
(pp. 97-8) that the constitution of the drift where this type of 
topograph}' is developed is more* sandy than is common to the 
ground moraine in other regions. The elevations within this Bal- 
tic ridge are saiil to Ik^ composed largely of sand and gravel over 
which there is frecpiently a layer of till. 

In discussing the origin of the depressions which mark the 
* Aground moraine landscape " Dr. Wahnschatfe follows his usual 
plan of giving the opinions of other g(?ologists as well as his own. 
K. Geinitz would attribute them chiefly to the eddying action of 
waters during the time of the melting of the ice. Against this 
view Dr. "Wahnschatfe argues that the <lepressions were already- 
in existence at the time of the deix)sition of the uppermost layer 
of till, since this lines them and mantles the adjacent elevations. 
He maintains that their origin is therefore earlier in time than 
the melting of the hist ice sheet. V\>o\\ the topography of the 
**ground moraine landscape" of the I'ckermark, Dr. Wahnschatfe 
insists that the waters arising from the melting of the hist ice- 
sheet had no considerable influence*. In this view he is supported 
by Drs. Keilhack and Schroeder, and their i)osition seems to be 
irrefragable. 

The origin of the tojHJgraphy which has been designated 
**ground moraine landscape" (Gnunfmon'hieuhiniliir/ta/t) has been 
much discussed by those who have had to deal with it. Vaiious 
views concerning its production i)revail. Among the factors 
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commonly believed to have contributed to its development, most 
of the German geologists appear to give a prominent place to ice- 
pressure, which is conceived to have bulged up drift material at 
the edge of the ice, producing hummocks and short, discontinooos 
folds. Dr. Keilhack places the development of the 'Aground 
moraine landscape" topography under consideration, beneath the 
oscillating margin of the ice, at the time when this margin stood 
along the line of the Baltic ridge, during the last glaciation. He 
ascribes it to the unequal accumulations of drift l)eneath the mar- 
gin of the ice, and to the irregular bulging of the drift, effected 
by the pressure of the ice. Similar topography north of the Bal- 
tic ridge, is believed to have been produced in the same manner, 
at a later time, when the edge of the ice had recedeil to the posi- 
tion where such topography occurs. Schroeder is quoted as ad- 
vocating the view that the peculiar topograph}' here described was 
developed beneath the ice during the time of its slow retreat (p. 98) ; 
but whether beneath the margin of the ice, or remote from it, or 
whether the peculiar topography is the result of unequal accumu- 
lation or of ice-pressure, is not indicated. 

Dr. Wahnschatfe believes that the * Aground moraine landscape' 
wjis developed beneath the ice during its advance in the later ice 
epoch, and that the toi>ography thus developed was not materially 
altered during the final retreat of the ice over the same region 
(p. 100), although the ice edge remained stationary' on the ridge 
for some considerable period during its retreat. It is to be borne 
in mind that the toix)graphy here described is lx;st developed 
along the "Baltic ridge," which is in a general way concentric 
with the shore of the Baltic. Dr. Wahnschatfe sees much sig- 
nificance in this position. He points out the fact that this sort 
of topography stands in a similar relation to great Imsins in vari- 
ous other parts of the world. In northern Italy, ridge- like beltM 
of drift with a similar topography, border the Italian lakes on the 
south. In the Bavarian Alps similar ridges of drift rise higher 
than the basins enclosed within them. More conspicuous exam- 
ples of the .same relationship in America are referred to, where 
thickened lH»lts of drift (our terminal moraines) exist, in a general 
wa}' concentric with the Great Lakes of the interior. 

Dr. Wahnschatfe's conception of the relation of the Baltic 
ridge to the Baltic se^i, is something as follows: The ice starting 
fn)ni the Scandinavian mountains descended into the Baltic basin 
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:md filletl it. As it tulvanced to the soiithwiirtl, it rose fi*(>ui the 
basin of the Baltic onto the higlier hxnd to the south, carryinjr 
with it much material which it had scooped out of the Itasin. and 
especially, much that it gathered from the southern slope of the 
same, during its ascent to the land l)eyond. As the ice pushed 
out upon the land with its great load of debris thus ac(|uired, its 
velocity was diminished. Where the gi'eatest retanlation took 
placi», there would l)e the most extensive accumulation of glacial 
debris (p. 102). The site of this retardation and consequent ex- 
tensive accumulation is marked, acconling to Dr. Wahnschatfe, by 
the Baltic ridge, which indeed owes its existence largely to the 
accumulation of drift brought about in this way. The * aground 
moraine landscape" is associated with the ridge, and is, acxjording 
to Dr. Wahnschatfe, the result of this peculiar method of drift 
accumulation, for where the drift accumulation was greatest, there 
would it l)e piled up in rough tojx)graphic forms. The author sees 
no insui)erable ditliculty in belicning that this sort of topography, 
cleveloped beneath the advancing ice slu*et, could lx» subsequently 
overridden by the further advanot* of the ice, without lK»ing de- 
stroyed. 

From Dr. Wahnscliatfe's view concerning the origin of the 
^^knob and basin" topography of the Baltic ridge, we are com- 
pelled to dissent. According to his view the last ice sheet ad- 
vanced far beyond the Baltic ridge, at least as far as Magdeburg. 
If this opinion Ik» cornH?t, the Baltic ridge must have Ikhmi buried 
under a very great depth of ice. The Baltic ridge is a very con- 
spicuous ridge. In many places its topography is very rough — of 
the pronounce<l knob and basin type. To suppose that glacier 
ice buried and overrode such a ridge with such a to^wgraphy to 
such a depth as must have been if the ice advance<l so far soutli 
as Magdetmrg, is to attribute to the ice a degree of plasticity 
which we are not prepared to admit. It seems to the writer that 
Dr. Wahnschatfe's iK)sition practically denies to glacier ice much 
power of erosion, even when overriding to great depth the rough 
surface of a conspicuous ridge, comi>o8tKl of loose sand, gravel, 
and till, while it attributes to the same ice extraordinary power of 
erosion in passing through the Baltic basin, a little further north. 
The depth of the ice in the basin was of course grcater than that 
of the ict* which passed over the ridge, and in its erosive action 
in the basin it ix)ssessed whatever advantage conies from increasetl 
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thickness. We are prepared to admit tlmt the same thickness of 
glacier ice may effect very different amounts of erosion in ditferent 
regions ; but we are not prepared to admit that a rough ridge of 
loose materials, standing s(piarely athwart the direction of ice 
movement, would constitute a belt where the erosion would lie 
slight, if the ice passed over it in any considenible thickness. 
Dr. Wahnschaffe does not deny eroding power to the ice. Against 
such a view the great body of drift which covers north Germany 
stands as an unimpeachable witness. But his conclusion con 
cerning the origin of the topography of the Baltic ridge seems to 
us to necessarily imply that the ice sheet which buried the ridge, 
and advanceil many miles beyond it, was here essentially impo- 
tent, so far as erosion is concerned. 

From what has preceded it will be seen that the -Aground mo- 
raine landscape." arranged as it is in a great beltstivtching across 
(Jermany, corresponds with the terminal moraines of North Amer- 
ica. The constitution of the drift where this to|)Ography prevails, 
confirms this correlation. This relationship Dr. Wahnschaffe 
n^cognizes (p. 101), but it is to be distinctly borne in mind that 
the Baltic ridge, characterized by the topography which marks 
the terminal moraines of the United States, is not reganled as a 
terminal moraine by Dr. Wahnschaffe, or by most of the other 
north German geologists. The view of professor Penck that the 
* 'moraine landscape" is the result of the intimate association of 
multiple terminal moraines {Endmorane)^ is more nearly ii\ accord 
with the American view. But the formation to which the Ger- 
mans have commonly applied the name of terminal moraine 
{Kiulni*H/hu'),\f> reganled by most of ihem as something ver}' dis- 
tinct from the Baltic ridge. 

If the tppography and the constitution of the Baltic ridge were 
not altogether conclusive in demonstrating its terminal morainic 
character, according to American classification, additional evi- 
dence might be found in the fact that it is bordered on the south 
by extensive plains of gravel and sand, corresi)onding to our over- 
wash plains (p. 107). The constitution of these plains corresponds 
exactly with that of plains in similar iX)sitions in our own countr}*, 
U'ing coarsest near the moraine and In^coming finer and finer with 
increasing distance from it. 

The intimate relationship between the '• ground moraine land- 
scape " (tHpial the terminal moniineof the Tnited States) and great 
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basins is, so far as the United States is concerned, niucli less gen- 
eral than Dr. Wahnschaffe seems to imply. While it is true that 
our terminal moraines surround lakes Erie, Michigan and Superior, 
it is also true that similar moraines fre(piently stand in no definite 
relation to well defined basins. The moraine loop which runs down 
into central Iowa, is not associated with any well-defined basih. 
The moraine crossing New Jerse}' and eastern Pennsylvania is al- 
together independent of any basin, and if such drift ridges are 
Jtomtftimes develoi>ed independently of basins, they cannot be said 
to be dependent upon them. The depressions were of course in- 
fluential in determining the course of ice movement, and so in de- 
termining the iK)sition and form of the ices edge, and it is the 
accumulation of drift made beneath the ice's edge while it was 
stationary or oscillating, which constitutes, according to American 
usage, the main part of the terminal moniine. 

The conception of American g(H)logists concerning the origin 
of the terminal moraines (^'ground moraine landscaiK» " ), is not 
very different from the view of Dr. Keilhack concerning the origin 
of the Baltic ridge. It is believed that bene^itli various parts of 
the ice's edge, varying amounts of glacial debris accumulated dur- 
ing any given period of time. This in itself, would give rise to a 
snibmarginal ridge of unecpial hight and width, wherever the edge 
of the ice remained constant in i)osition for any considerable 
period. Kver}' minor retreat of the ice may have been accompanied 
by changes in the details of the form of its edge, and as the mar- 
gin of the ice changed lx)th in iK)sition and in form, new accumu- 
lations of drift would be made l)eneath it, comparable to the first. 
When the ice re-advanced, never so little, its form might lie again 
changed, and the submarginal accumulations would l>e made in a 
new position and in a new form. Thus it is conceivwl that by re- 
peated retreats and advances witliin narrow limits, and by repeated 
alterations in the form of the ice- margin with or without general 
oscillations, the tc*rminal moraine material was accumulated. The 
first condition for the development of a terminal moraine there- 
fore, is a stationary ice margin, or a margin which oscillates 
backward and forward within narrow limits, wiiile the details of its 
form are continually changing. The extent of these oscillations 
will l>e one of the coiLsiderations determining the width of the mo 
i*ainiebelt. The waters issuing fn)m the edge of the ice, which was 
always melting, often worked considerable changes ujK)n the ma- 
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terial de|>o8ited by tlie ice directly, changing l)Oth its topography 
and its constitution. Our terminal moraines are therefore looker! 
upon as accumulations of drift, made beneath the oscillating but 
nearly constant edge of an ice sheet, more or less modified by glacio- 
natant waters. The irregularities of topography are regartlod a» 
largely the result of une(|ual accumulation. Horizontal and ver- 
tical ice-pressure, as well the vigorous action of ice- water, con- 
tributed to the development of the rough terminal morainic 
topography. This seems to l)e similar to the view of Dr. Keilhactk, 
except that he would lussign to ice pressure, a more important role. 
Eiulnwn'me. The formation which has received the name of 
terminal moraine (Kinfmonhn) in (Jermany, is a narrow, wall- 
like ridge, or a series of steep mounds arranged in linear 
onler. Its width for one region is stated to range fn)m li>0 to 
400 metei>». For the same region its average hight is said to U' 
from five to tt^i meters, though it is occasionally considerably 
more. The slopes of the ridge, or of the more or less separatetl 
hills, have an angle of ;J0° to 40°. In some regions there are two 
of these terminal moraines, the one lying several miles within the 
other. These narrow ridges or series of mounds an* ma<le up 
largely of bowUlers. Their constitution and form have given 
them the name of '^l)owlder walls" {Grsrhiehnriiffc). In some 
cases, the finer material, sand, till, etc. , seems to hanlly more than 
occupy the interstices between the lK)wlders. In other places, 
sand and till are morc» imiM>rUint constituents. They sometimes 
ix'cur within the Innly of the moraine {Endmorihu), interlKMldetl 
with those portions which winsist essentially of Ijowlders. In 
some cases, till mantles the '^bowlder wall.'" In other places the 
terminal moraine iEiiffniorihi*) is compostnl essentially of strati- 
fie<l sand and gravel (p. llvV), uiK)n the surface of which only are 
abundant large lK)wlders. The course of this *^ Iwwlder wall * is 
somewhat irregular. (Jenerally speaking, it is made up of a 
series of curves concave toward the direction from which the ice 
came. Locally, the sharp ridge may gratle into a l>owlder lH»lt by 
widening, though it is expressly stated thnt not all the bowlder 
Iwlts of north (termany are to be regarded as the wpiivalenUs of 
this terminal moraine. In many n>gionsthis terminal moraine, or 
••bowlder wall, " has not so great altitude as the "ground moraine 
landscape ' with which it is closely associated. It courses over 
the surface of the greater Baltic ridge without much ivgard to the 
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to|K)graphy of the latter, and while it is loeall>' a very conHpieii- 
-cms feature l)ecaiise of its sharp definition and vail- like character, 
it is quantitatively rather insignificant compared with the great 
ridge chanicterized by the '^ground moniine landscape." The 
**ground moraine landscape" toix)graphy is generally l)est de- 
veloiKHl immediately within this terminal moraine {Eudmorane). 
-Outside the same, there are extensive areas of sand and gravel 
(overwiLsh plains), whose surfaces show little relief. 

This diminutive ridge, to which, and to which only, the name 
terminal morain(» is applied by the north Gernian geologists, has 
no exact counterpart, so far as I know, in the United States. It 
is explained by supi>osing that the ice, in its retreat northwanl 
remained stationary for a somewhat protraottnl p(»riod in the posi- 
tion which the little ridge now occupies. It is lK»lievt*d to have 
l)een constructed out of ground moraine material, from which the 
finer parts wen» removed by the waters arising from the melting 
-lyi the ice. The interlardings of till and stratified sand are ex- 
plainetl by sui)posing oscillations of the ice margin. When the 
ice overnnle the incipient ridge, it is supposed to have left a 
record of its transgression in a l)ed of till. When the ice re- 
treated, discovering the growing Injwlder wall, this retreat is sup- 
posed to Ik^ rworded in the l>eds of stratified sand and gnivel 
which sometimes occur between the coarser materials of the 
moraine. This terminal moraine iKtuhtun'i'tne) has not been trace<l 
throughout its whole extent. It has been traced for considerable* 
distances in the region north of Berlin, and is known at various 
I)oints east and west of that region. By Dr. Wahnschatre it i^ 
not reganledas marking the limit of ice advance in tlu» last glacial 
•4>poch. So far as I am aware, it is not known except in connec- 
tion with the * Aground moraine landscape" tojK)graphy, though 
the universality of this relationship is not indicated by our author. 

Bnirldct BeltH. The l>owlder lH»lts into which thefJerman term- 
inal moraine sometimes passes an* identical in character with the 
bowlder belts of the I.'^nited States. The American lx)wlder l»elts 
are Iwlieved to bi» accumulations of bowlders which were carried 
forwanl within the l)odv of the ice (considerablv al)ove its bas<'). 
iind to havt* arrive<l at the surface of the ice before thev reache<l 
Its terminus. iKK^ause of surface ablation. Transferred thus from 
.an englacial to a suijerglacial position, they were carrie<l forwanl 
•upon the surface of the ice to its cnlge, and there •-tbimped" upon 
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the surface of the land.* Had the edge of the ice been constant 
in position for a long period of time, it is believed that these 
bowlders would have accumulated in the form of a ridge, or 
'•Iwwider wall.** That they are so spread out as to constitute a 
l)owlder l)elt, instead of a ''Iwwlder wall,** is thought to Ije evi- 
dence that the margin of the ice was not constant in position. 

1 was fortunate enough to visit the terminal moraine of the 
(lermans, in the localities which are described as typical, with 
Drs. Behrendt and Wahnschaffe in the summer of 1888. From 
the disix>sition and the form of the ridge under consideration, I 
was led to l)elieve, that, like our own lK)wlder Ix^lts, it was largely 
composed of materials which iiad l)ecome superglacial before 
reaching the margin of the ice, and that the l)owlder wall consti- 
tutes a goo<l example of a '*dump" moraine. Dr. Wahnschatfe 
urges that the ice shei»t could have no superglacial material (p. 
107). But it is Iwlievcnl to l>e i)ossible that mati»rial might have 
l)een received far up into the lK)dy of the ice in the course of it^^ 
passage over the mountainous lands to the north, and that by 
surface ablation this englacial material arrive<l at the uppt*r sur- 
face of the ice sometime before it readied the limit of its south- 
ward journey. Under these circumst^mces, such sui)erglacial ma- 
terial might possess many of the characteristics of the ground 
moraine material. It would have l)ecn subjected to much morv 
wear than would the material carried from the outset uj>on the 
surface of the ice. 

My conception of the correlation of the (ierman terminal mo- 
raine (Endiiiffifhir), and the * 'gn mud moraine landscaiH**' {(irutui- 
iiionimnlnitdHchift), with the drift formations of the United States 
is this: The Baltic ridge, characteriztHl by the -aground moraine 
landscape" or "knob and bjisin"' topography, constitutes a l>elt or 
•tangle ' of terminal moraines, accumulated lieneath the oscillat- 
ing margin of the ice. when and when* it was for a long time 
nearlv stationarv. This varietv of terminal moraine has lieen 
designated -'subniarginal ' The (Jerman terminal moraine 
(A'«<////o/vV</0. resting ujmmi this great submarginal terminal mo- 
raine, is a Mluinp " moraine, accumulated during some minor in- 
terval of the time mrupied in the accumulation of the gnuiter 
moraine, when the ice e<lge was more constant than at other time^. 

*(.'hanib**rllii. Bulh'tiii nf the (Jeoloiri<'al Societv of America, Vol. i. 
p. 2H, isyo. 
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dumping its surface material alon^ a tolerably definite line. 
Where the line of dump was inconstant, the line widened to a belt, 
and here the ''dump" moraine b(»came a bowlder belt, which is 
but a variety of a '*dump ' moraine. That this "(himp* moraine 
is to be distinguished from the greater bi»lt with which it is asso- 
ciated is evident. The (lermans liave chosen to apply the name 
terminal moraine to this wall-like ridge alone. What coiTesi)ondH 
to our main terminal (submargiiuil) moraine, they have designate<l 
ground moraine {(jriindiiiorihu'uhiiHhrhaft), because it was accum- 
ulated beneath the ice. We have chosen to designate lx>th the 
formation corresiM)nding to their "ground moraine landscape/' 
and the bowlder belts associated, terminal moraines, because thev 
were accumulated at the terminus of the ice. We have separattni 
the two types, as <listinct varieties of the general species, terminal 

moraine. 

So far as I am able to ascertain from Dr. Wahn.schatfe's volume^ 

lie regards the German terminal moraine as accumulated IxMieath 
the ice and composed of ground moraine material. It is therefore 
not eas}' to see why the term Emfmonhtr is more applicable to it. 
than to the Baltic ridge, if this latter were fashioneil as Dr. Keil- 
hack believes, beneath the margin of the ice. According to Dr. 
Wahnschaffe's view of its development the designation terminal 
moraine would be inappropriate, since he does not In^lieve it to 
have Ikhmi made Ijeneath the margin of the ice. Neither the Bal- 
tic ridge nor the Endinoniiie mark the limit of ice advance in 
(icrraany in the second Glacial epoch, according to our author. 
In this resiH»ct the phenomena of (termany correspond with those 
of our own country, where the larger terminal moraines do not gen- 
erally mark the limit of ice advance. substMjuent to the fii*st glacial 
ep<H*h. My own conclusion concerning the relation l>etween the 
limit of the later advance of the ice. and the main terminal 
moraine, was the same as that of Dr. Wahnschatf e. * 

K(imrK{f) Associated with the terminal moraine, there are. in 
various places, hills and sharp ridges of .stratified sand and gravel 
{Dui'chrat/iiin/Hr.ih/r), partially, or sometimes wholly covei*ed with 
up|)er till. Tht»se elevations are sometimes arranged in linear 
onier. but they do not always sustain this relationship to i»acli 
other. Thev mav 1k» more or less isolated, or mav be so disi>osed 
as to form a l)elt. The layers of the sand anti gravel constituting 

♦Am. Jour. Sci. Vol. xxw, p. 407, 1888. 



31 i The Anxencon Gt'olixjiHt, miit.i*« 

the main pail of theso elevations very gcnenilly clip from the 
center outward. Wlu^e tiie elevations are elongate, the axin 
fi*oni which the layers clip is the same as the axis of the ridgei^. 
The surface of these hills and ridges is often markeil by an ahan- 
daiice of large l)owlders. The mantling till, where it exists, is 
continuous with the till which constitutes the surface of the 
••gi*ound moraine landscape*' belt, in the immediate neigh)K>riiood. 
The association of these ridges and hills with the terminal moraine 
{Emlmoi'dnr)^ has led Sc^hroeder to the l)elief that they an* closely 
associated with the latter in origin (p. 110), aswell:us in {K>sition. 
Their form is nsctribed neither to erosion, nor to accumulatioB. 
They are reganled a,s swells or folds pressed up by the ice at its* 
lK)rder, during a period when the edge of the ice wjih neiirly con- 
stant in position. Because of the iK»culiar sort of disturliance 
which the stratitication of these elevations has sometimes suflTered. 
Dr. Wahnschatfes inference seems justified, that lateral thrust bv 
the ice must also liavi* played some part in their origin. Wahn- 
.schaffe appeal's to agree with Schn)eder that these hills and riilges 
were essentially (Contemporaneous in origin with the termimil mo- 
raine {Eiulmon'hn). From the description before us. it is not 
clear that they do not constitute: an element of the '^gnmnd mo 
raine laudscnpe. * It will be seen that Wahnschatfe and Schn)ed- 
er's view concerning the time and method of origin of these sand 
and gravel hills, corresponds somewhat closely with l>r. Keil- 
hacks view concerning the time and the method of origin of the 
elevations and depressions of th(» region designated ••gnuind 
moraiiu^ landscape. ' We have already seen that Or. Wahn- 
schaffe's view of the origin of the ^'grouiKl moraine laiidsca|H.\ " 
is different. Hut we believe that |)r. Keilhack's explanation of the 
'•irround moraiiu' landscape" is more nearlv correct, and that it is 
in [)erftH*t harmony with Wahnschatfe and Schroeder's view con- 
cerning the origin of the sand and gravel hills and ridges anno- 
ciate<l with the terminal moraine {Endinnnhte), and with the 
'ground moraine landscape. " Pr. Wahnschatfe indicates the 
close :ussociation of the one cla.ss of drift hills with the other, but 
unfortunately he does not state whether the sand antl gnivel hill> 
are more commonlv a.ssociated with the outer or with the inner 

ft 

lM)rder of the '-grouncl moraiiu> landscape. He would seem to 
imply that the association of the (lerman terminal moraine {Enti- 
in'nf'hn) with the hills here noted, is verv close; but since he <loes 
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not indicate whether the Endinonlne is more eonimonlv found on 
the outer or on the inner face of tlie "ground moraine lau<l- 
8cape" belt, this relationship between the -''Endmorain" and the 
^^ Dnrchrayungszuge' does not serve to indicate the relation be- 
tween the latter and the ^ '' ( S ritndmomiwnhnnhvlKt ft .'' 

We believe that the three sets of phenomena, the * 'ground 
moraine landscape'' (:- our terminal moraine), the (ierman term- 
inal moraine (= a **dump " moraine), and the hills and ridges of 
gravel and sand( Dttrvhraymujiixuffft uud Kihac), are closely associated 
in time of origin. We believe that they all represent marginal 
accumulations, and that together they constitute what is known in 
America as a belt of terminal moraines. The gravel and sand 
hills and ridges, with occasional Ijowlders below the surface, and 
abundant ones upon it, we reganl as kames, and believe that they 
eorresiwnd to the kames so commonly associated with the termi- 
nal moraines in America. Locall}' such kames make u)) a large 
part of our terminal moraine accumulations. This correlation is 
baseil in part upon Dr. Wahnschaffes description, and partly ui>on 
my own observations. If this interpretation be correct, the termi- 
nal moraine (Emhaoriinf) of the (termans, and the accumulations 
here regarded as kames, should Ik* more commonly iissociated 
with the outer face of the Iwlt atfected by the ''ground moraine 
landscape" topography than with the inner. Hut kames are not 
confined to such positions. Loc4illy they are abundant and well 
developed on the inner face of the terminal moraine bt»lt. and 
less commonly at points remote from it. (leinitz has regarded 
the sand and gravel hills as Asar and kames, (p. 1K>) but this 
view does not seem to approve itself to Dr. Wahnschaffe. 

There are a few ridges of stnitified material not statiMl to be 
closely associated with the Baltic ridge, which would apiK»ar to Ik* 
osars. One such is mentioned bv Dr. Wahnschatfe at Lubasch in 
Posen. Others of similar form are excludinl fn)m the class osars, 
apparently on the ground that the}* are covennl by till, while 
typical osars have not their crests covered by till, though their 
Hanks ma}' U». We do not get the impi-ession from the refer- 
ences to kames and osars (asar) that discriminations betwcH^n them 
have l)een carried to the same extent in (Jermanv as in America. 
But the distinction between kames and osju^ has onlv recentlv 
come to U» generally recognizeil here. 

The disi*U8sion conct»rning the position of the -old" valh\vs. and 
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their relations to the courses of the present streams, is an interest- 
ing study in river drainage. The valleys of the ^-old" stream)^ 
have )>een filled to considenible depths with sand, emanating from 
the iflacier formations. In some places, and for considerable 
.stretches, these **old" valleys are now dry. In other places they 
are occupied l)y inconsiderable streams. It would be a matter of 
great int<?rest to know whether the ♦•old" valleys are pro-glacial, 
or whether they are interglacial in origin. AVe infer that their 
sand filling is regarded as last glacial (p. 128). If it could lie 
shown that the excavation of the *»old" valleys was interglacial 
or that any considerable part of their excavation was interglacial. 
such demonstration would !>e a convincing prof)f of a long inter- 
glacial epoch. 

Lot'ss. On the southern bonier of the north German lowland 
there is a narrow belt of country covereil with loess, although tlic 
loess is not confineil to that portion of Germany which is properly 
<lesignated * -lowland." It reaches to the southwanl so far a.s to 
rover the lower portions of the southern upland. The loess is 
well developed in the northern part of Saxony and in the vicinity 
of Halle and Magdeburg. The topography of the loess-covewil 
country is gently undulatory. A large numlK»r of the <reniian 
geologists who have studied the loess appear to have adopte<l the 
leolian hyi>othesis. Dr. WahnschafTe, on the other hand. believt»s 
the loess to havt» been deiH)site(l by water, and by water which 
arose chiefly from the melting of the ice in the fast ijhtrlnl t^ptM-h. 
He conceives the water which dejwsited the loess to have accum- 
ulated in a number of more or less connt»cted basins, lying l»e- 
tween the ice on the north, and the highlands beyond the ic<* on 
the south. The waters thus confined between ice and uplami had 
an outlet, so it is lK*lieved. toward the northwest: but it is held 
that the movement of the water was so gentle that it was able to 
crirrv awav (»nlv the finest clavev material, while the materials of 
>ilt-<j:radc of coarseness were deposited in the arc^i eoveriMl by \hv 
water, and constitute tlic loess. The northward drainage from 
tlic liiglilands on tlic soutli. and the southward drainage fn>m the 
ice oil tlic north. lM»tli contributed to the formation. The altitude 
of the loess is stated to !»e about 2S2 feet in Saxonv. while it rises 
to the liiirlit of (100 fci't ill the Harz mountains. 

The chief reasons (pioted from its advocates in supjHirt of the 
;eoIian hypothesis, are the presence of fossils of hunl animals. 
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Dr. Wahuschaffe does not give .specifically the reasons for his be- 
lief in the aqueous origin of the loess, tliough he devotes some 
space to a consideration to the arguments of those who l)elieve 
that it was deposited by the wind. We think that Dr. Wahn- 
schaffe's arguments against the a^olian hypothesis have much 
force. After a brief examiiuition of the loess in several points 
in the vicinity of Magdeburg, in company with Dr. Wahnschaffe, 
1 was convinced that his view concerning the origin of the loc^ss 
was the right one for that region. I have no data for an opinion 
concerning the time of the origin of the German loess. If it be- 
long to the time of the last glaciation, it does not corn»spond in 
\yo\i\i of time of origin with the grexit body of the loess in the 
Tnited States; but that is no reason for l)elieving that Dr. Wahn- 
schaffes interpretation is not right. It is believed that the loess 
in the I'nited States originated at ditferent times. 1 am inclined 
to think that some of it may have originated in connection with 
the last glacial epoch, and I know no n»ason why that may not 
have b<»en the time of the chief accumulation of the loess in 
German v. 

Thr LnhtH. The relationship between the distribution of lakes 
and the extension of the ice sheet i.s the same in Gernianv as in 
the United States^ . The lakes are ehietlv confined to the area 
which suffered glaciation, and to the area which suffered glacia- 
tion the second time. But it is to be ob.served that thev do not 
have a general distribution over the whole of the area which the 
last ice sheet invaded, as Dr. Wahnschaffe would <lefine that area. 
Southwest of the Kibe, for instance, lakes are almost wholly 
wanting. This fact is in itself an evidence, though alone not a 
conclusive evidence, that this n^gion was not glaciated in the last 
e|>och. It is to U' remembered that ni>t all (icrman glaciali.sts 
are agreed that this region (the TjuiHlmnji r 11* ith) was covered by 
ict» in the last ice eiM>ch. The absence of lakes su])p(»rts the neg- 
ative. Lakes ar«' most abundant along the Baltic ridge, where 
the ••ground moraine lan<lscape" is best devel<»ped. just as they 
are most abundant in ourc<»untrv. along the courses of the termi- 
nal moraine. They are not infn»(juent north of this ridge, and in 
Nome parts of (lermany they cannot be said to be rare south of it. 

The ([Uestion as to the origin of the lakes whi<*li lie within the 
drift-covered territorv of Gernianv. is(»ne concerninj; which there 
ha^ Ikh'u much discussion and much difference of opinion. Inter- 
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esting as the history of opinion on this point is, we shall content 
ourselves at this time with mentioning onl}' Dr. AVahnschalfo * 
views. Be it remarked, however, that it has always seome<l tn 
the writer that much of the discussion concerning the origin of 
the German lakes, masked a broader question, which emliracefl 
the narrower one discussed. Enclosed depressions are one of the 
conspicuous features of the * 'ground moraine landscape.*' Many 
of these depressions do not become lakes l)ecause of [)or\*ious l»oi- 
toms. Hut the dry '*kettles * are just as significant as those filleil 
with water. The depressions are associated with hills and ridge> 
which constitute the second conspicuous feature of our terminal 
morainic toi)ography. The lussociation of these two features i?» 
such as to make it necessary to sup[)Ose that the explanation of 
the one must take account of the other ; that the processes which 
called forth the one, were responsible also for the other. The <iues- 
tion at iss!ie, therefore, is not the origin of the lah: Imnnm, but 
the origin of the hilh and hashis ( whether occupied by water or 
not), that is, the origin of the ''ground moraine landscape" ( our 
terminal moraine ) toi>ogniphy. This is not so much a criticism 
of Dr. Wahnschatfes discussion as a comment upon some of the 
discussions wJiich have preceded this volume, and which an» cittnl 
in it. 

Dr. Wahnschatfe recognizes several classes of lakes. One class 
is designated the "ground moraine lakes " (^//•'«"</w"*'Vwrwx#r*o). 
It is to this class of lakes to which the fon»going c»omment is reh*- 
vant, and Dr. Wahnschatfe does not regard their origin as a (lues. 
tion distinct from the origin of the topography of the Baltic. He 
would therefore make the origin of these basins contem|)oniniHui> 
with the origin of the toi>ography with which they are associate*!. 
A second class of lakes are associated with the Endmnr/htf, and 
occup}' depressions, of which this ri<lge constitutes one of the 
l)ounding walls. They are basins formed by morainic dams. A 
thinl class of lake basins are attributed to the eriwling action of 
the waters arising from the melting of the ice, either as they 
plunge<l thn>ugh crevasses, excavating small circular hollows 
1h»1ow, or as they flowed through their sub.glacial or extni-ghu'ial 
courses. Manv of the lakes which are connected with each 
other as beads on a string, are referred to such an origin. Still 
other lakes, few in numlu^r an<l small in size, may Ik* the result 
of underground solution. 
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J^uft Glacial Chanyes. Not the least valuable chapter of the 
book is the discussion of the surface changes which the German 
territory has undergone in postglacial time. Certain criteria, 
which have at one time and another been used as evidence of 
change of level, are discussed and their errors clearly pointed out. 
Evidence of great changes of level in post-glacial time is not 
found in the coast region. The topographic distribution of the 
loess in southern Germany, so far as its altitude in different 
regions is given, would raise the question whether there may not 
have Ijeen considerable surface warping in that region. 

Although I have dissented from some of Dr.Wahnschaffes con- 
clusions, some of these differences are more apparent than real, 
because of the diverse use of terms. Others are more funda- 
mental. To accomplish the purpose for which this paper is 
written, it has been necessary to emphasize the points wherein 
American and German views differ most widely, passing over in 
silence many of the more numerous i)oint8 of agreement. But 
the lxK)k is throughout suggestive, and on the whole a most satis- 
factor}' compendium of present knowledge concerning the glacial 
formations of German v. 



GAS WELLS NEAR LETTS, IOWA. 

By I*B«»r. F. M. Wittir, Mnscatino, Iowa. 

In the early partof December, 18JM), Mr. T. L. Estle, living in 
Section 3, Township 7.") N. Range 4 W. 5th Principal Meridian, 
sunk a well on his farm for water. In drift at a depth of about 
100 feet he struck gas which burned readih', but in two or 
three days the gas ceased to flow. Between 40 and 80 rods 
west of this place about the same time Mr. K. M. Lee bored for 
water. At about 100 feet he failed to get water and stopped 
boring. 

In the evening he commenced to pull out his casing, and succeeded 
in niising it perhaps 8 or 10 feet. During the night a great roar- 
ing was heartl, and on approaching the well with a lantern the gas 
took fire and a great fla'iie shot several feet into the air with a 
frightful noise. In a few da^'s the flame was extinguished, and 
the gas piped into Mr. Lee's house, a few rods away, where for 
over a year it hiis furnished him light and fuel. 
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This well now furnishes Messrs. R. M. I.iee, T. J. Kstle, J. K. 
Lee and Roliert Lee with all their fuel and light. Mr. Rol»t. I^** 
is a little over one mile from the well. 

It is carried in common gas pi|)e laid on the top of the grouml 
The pipe is 2 in.. H in., and the last half mile 1 in. in diameter. 

This well supplies 12 fires and IG lights. 

Xo estimate has Ix^en made as to how many more it might sup- 
ply, Imt the number would certainly l>e <|uite large. 

Mr. J. K. Lee state<l that the o|)cning admitting the gjis fn»m 
the casing of the well to the main was considenibh' less than tht^ 
size of an ordinary lead pencil, and that it flowed a half mile in 
the main in 14 seconds. IIow this rate was satisfactorily aso«T- 
tained we did not learn. 

The same gentleman sai<l the pressure at first was aliout 5i 
pounds, which has steadily risen till it is now 12 pounds. Fn>m 
a large stream issuing in our faces we could detect a faint <xlor 
resembling ether or chloroform. It gives a fine steady light ami 
most intense heat in the stoves and artistic grates. It seem!> in 
all res|)ects to W e<iual to or su|)erior to the In^st artificial illum- 
inating gas. The gas is useil just as it is when it issut*s from 
the well. 

Within a circle of alK>ut three miles in diameter in the town- 
ships luimed al)ove, from at least seven w(»lls sunk for water, gas 
issueil. The depth to the gas ninges from about 90 ft. to 1 25 ft. 
At a depth from r» to 25 feet Ijelow the gas a goo<l, constat nt sup- 
i)lv of water is obtained. It seems to Ik» very easy to shutofiT the 
gas b}' the rapid sinking of the casing in a sort of blue clay with 
some sand, in which the gas is thought to Ih3 stored. The clay 
sc^ms to form a tulx? as the drill and casing descend, and thi?* 
prevents the g:is from getting into the well, unless it is given a 
little time at the right place. The country for miles anuind 
is full of wells, which are all Wlieved to 1k» sunk to the water 
lj4»low the gas. without <liscovering tin* gas for reasons given 
alK>ve. 

I made the following tests on the water fn»m 1h?1ow the gas. 
With |K>tassiuni fernx'vanide T observe*! no reaction. On eva|K»- 
rating perhaps 5() cc. a ci>nsiderable amount of solid matter was 
obtained. This was of a s<miewhat yellowish bn»wn color, ami 
«*tfervesced rea<lily with hydric chloride. This solution when 
teNte<l with iM>tassluni ferrocyanl<le gives a deep lilue. 1 was le«l 
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to believe from these tests that the water contained aoaHioimte 
and some compound containing iron in solution. 

At a depth of 18 or 20 feet, water has generally l)een found in 
this locality, but the supply is variable. Mr. Robt. Lee has a 
well which he dug several years ago, the water of which was ex- 
cellent and in good quantity. This well is al)out 18 feet deep and 
carefully walle<l. Last summer he Iw^red for water al)out 100 feet 
from this well. At a depth of a little more than 100 feet he 
found a little gas issuing at irregular intervals. Immediately 
after the appearance of the gas the water in the shallow well 
became muddy and unfit for use, and has remained so, though 
the water seems to l>e much worse at times, which are irreg- 
ular. 

It seems to me that the gas rises outside of the casing to the 
lK>rous beil holding the water of the shallow well, and passes 
through this to the well and injures the water. 

The country in which these wells are locatinl is comjMiratively 
level. Indications are at hand everywhere of a boggy or peaty 
nature. There are but few Iqw hills and no ravines of any note. 
The soil is a rich black loam, and the whole region is sai<l to be 
destitute of the boidders so common in many parts of Iowa, and 
especially of Muscatine county. Mr. J. E. Lee stated that wells 
in this region had been sunk 280 feet, and no rock had been 
reacheil. 

The well in Muscatine county from which gius is used is 
on the farm of Mr. Jno. Idle, in Jfection 85, Township 70, Kange 
4 W. 

The farmers in the neighborhood of these gas wells are a)K>ut 
to complete an arrangement to put down a well 2,0(M» to 
2,500 feet deep. This is to determine whether there is oil lielow 
the gas. 

It is my own impression that the gas csoraes from considerable 
beds of vegetable matter buried in this unusually heavy drift de- 
posit in this n*gion. The area, it seems to me, which is thus un- 
derlaid, is G or 8 miles long, and perhaps :j or 4 miles wide. 

I should exi>ect to find the rocks here directly Ik»1ow the drift 
to be of the Devonian age. 

This localitv is on the east side of the Ce<lar river. The near- 
est well to the (\»dar is about two miles distant. No gas has yet 
been found on the west of the Cedar. 
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CLIMATIC CHANGES INDICATED BY THE GLA- 
CIERS OF NORTH AMERICA. 

Ky Israel C. Ruhhell, WiushiD/iJ^ton, D. C. 

Prof. Dufour has shown that the existiDg glaciers of Kuropi* 
and Asia are retreating.* This is proof of a inarke<i climatic 
change over a great area, within the last one or two decades, aod 
renders it important to know if evidence of a similar change is 
furnisheil by the glaciers of other regions. Should it he found 
that glaciers on other continents are also retreating, it would not 
only l)e an interesting contribution to physical geography, but 
have an important bearing on the study of the causes of the 
Glacial Ei>och. 

The data presented in this paper in reference to recent clianges 
in the glaciers of North America, have been assembled in resjKinse 
to a letter addresse<l to the Director of the U. S. Geological Sur- 
vey by Prof. Dufour, and is here published with the hope that it may 
lead to the accumulation of additional data in the same connection. 

Disfrihitfioit nf K.ristlmj Ghiviers In North America, 
Glaciers may be arranged, provisionally at least, in three 
classes, viz: — alpine, piedmont and continental. It is also con- 
venient to designate those which enter the ocean and break off in 
l»ergs, as tide water glaciers. Examples of each of these tyi>es 
(X'cur in North America. 

The glaciers of North America are confined to the Conlilleran 
system and to the (rreenland region. Small ice Iwdies are known 
to exist on the higher volcanic |>eaks in Mexico, but of these we 
have onlv indefinite information. Their southern limit in the 
Tnited States is in the High Sierra of California, in about latitude 
157 ° N. The ice Uxlies in that region are small but have the 
essential featun^s of the largest alpine glaciers. They are con- 
fini^l to cinjues near the mountain summits and do not descend 
1k»1ow a horizon 12,000 to Ki,000 feet above the sea. In 
northern California. Oregon, and Washington, glaciers liecome 
nion» numerous, of greater extent, and extend to lower hori- 
zons than in the High Sierra. They occur al>out the summits 
of Mt. Shasta, Mt. Uainer, Mt. Baker, and sevend other peaks 
ill tiu' ('asca<le mountains, which have an altitude exctHHling 
10.000 or 11,000 feet. In the Rocky mountains they liegin 
at the south, with snow Inidies in Colorado, which bv some 
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are considere<l as true fjlaeiers, and increase in numlwr and 
extent towards the north. In the Conlillera system in Canada, 
glaciers are nnmerous, but have been exploreil to only a lim- 
ited extent. Those best known are in the Selkirk mountains 
and on the Stikine river. Farther north in the same great mount- 
ain lielt, man}' glaciers are known to exist, and in Alaska they 
reach their greatest development. As one follows tlie glacial belt 
northwanl the lower limit of perpetual snow descends lower and 
lower, until finallv at the base of Mt. St. Klias its elevation is 
•only al)out 2.500 feet alxive the sea. The glaciers extend below 
the snow line and reach sea level near the mouth of the Stikine 
river in about latitude 57°. From there northwestward to Cook's 
inlet there are hundreds, if not thousands, of magnificent ice 
streams which descend nearly to the ocean level, and scores which 
enter the ocean and breaking off form liergs. Local glaciers 
clustering about high peaks, occur on the Alaskan ))eninsula and 
the Aleutian islands. This great glacier belt is approximately 
3,000 miles long. The most thoroughly snow and ice coveretl 
[)ortion is in the regi<m about Mt. St. Klias, where not less than 
30.000 square miles of exceedingly mountainous countr}' is com- 
pletely buried l)eneath a vast neve fiehl which is drained by 
glaciers of the alpine type flowing both north and south. Those 
flowing south are the more im)X)i*t2int.. On gaining the flat lands 
betwecMi the base of the mountains and the sea, they expand and 
form Piedmont glaciers. Of these, theMalaspina glacier, having 
an area of aliout 1.500 sfpiare miles, is the best known example. 
An interesting fact in connection with the distribution of glaciers 
on the west coast of North America is that their northern limit is 
less than one hundred miles north of Mt. St. Klias. Mountains 
in central and northern Alaska having an elevation of 4,000 or 
5,000 fi»et are without snow during the summer and no glaciers 
exist u|)on them. As is now known this region was not glaciated 
during the Glacial Kpoch. 

On the east side of North America existing glaciers are con- 
fine<l to (irreenland and to neighboring islands. The ice sheet cov- 
•ering (ireenland is of the continenttd tyjH* and. as is well known, 
is the largest existing ice body iu the northern hemisphere. The 
glaciers on the islands west of (friH.»nland an* of the alpine tyjH*, 
and manv of them are known to be of jrreat size, but their ex- 
ploration is far from complete. 
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Are the Glaciers nf North America Adrancnit/ or Retreat luff f 

The glaciers of this continent have l>een known for so short :i 
time that only small iwrtions of their histories have been read. 
Their study is comprised almost entirely within the past dwade 
and has l)een carried on in such a desultorv wav that for the most 
part only qualitative evidence as to their advance or n»tn*at \> 
available. 

Character of the Eviihiice: Evidence of the advance or n»tre:a 
of the ends of alpine glaciers, or of the Iwrders of piedmont 
and continental glaciers, may be obtained in various ways, (thi- 
ciers which are advancing sometimes plow into the debris iu 
front of them and force it up in concentric ridges, usually with 
the formation of cracks in the soil. The surfaces of the ridge?* 
formed in this way are fre<|ueutly covered with vegetation, which 
in addition to their forms and the character of the material of 
which they are com|)osed, serves to distinguish them from termi- 
nal moraines. When a glacier advances into a forest, the tree> 
are broken off and piletl in confused heaps al>out the maiyin of 
the ice. The upper surface of a glacier is known to flow faster 
than the ice below, and an advance is probably accomplisluKi by 
the upper surface flowing over and burying the ice which n*sts (»n 
the ground. For this reason, advancing glaciers usually present 
bold scarps at their extremities, and, in general, are not covere«l 
with a broad sheet of debris. 

In retreating glaciers the layers of new snow de))osited on thf 
neve fields and changing to ice as they flow downward, are melteil 
Jwfon» reaching the margins of the ice streams. an<1the slow mov- 
ing ice at the bottom is thus left exi>osed and melts away. Tht- 
n»treat is accomplishes! not by a contraction in the volume of the 
ice-lKxly, but l>y the melting of its distal extremity. The ice 
which is not coveriMl bv fresh la vers melts at the surface, and the 
englacial <lebris which it contains is concentrated in a general 
shet»t forming fringing inoniines. When a sheet of debris of thi!^ 
diameter is extensive and covers the lower portion of a glacier 
fmm side to si<le. it indi(»ates that the lee InMieath is practically 
stationary and constH|uently is melting and retreating. The endn 
of retreating glaciers frequently havt; a gentle surface sIojh^ and 
in nianv instances are so completelv concealed bv tlebris that tlu- 
actual terminus of the ice cann<»t Ik» distinguishe<l. When the 
moraines are lieavv. however, and espe<Mallv when thev are (*lothe«l 

•. » A •. ft 
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with vegetati{>ii, the melting of the ice l)eneath is greatly retiirdetl, 
and in some observed instances the glaciers thus protected termi- 
nate in bold scarps. 

When a glacier retreats more rapidly than soil can form on the 
abandoned area, so as to admit of the growth of plants, a deso- 
late tract is left alK)nt its end, on which concentric lines of stones 
and boulders mav indicate halts in the retreat. Barren areas of 
this nature, when the lack of vegetation is not due to the action 
of water from the ice, are gooil evidence of nxjent glacial reces- 
sion. When glaciers which flow through a valley having steep 
sides, become stagnant, a general lowering of the surface, de- 
creasing up stream, takes place, which leaves the bonlering sIo^kss 
bare of vegetation. The action of niin and rills on such surfaces 
may indicate to some extent the length of time they have been 
exposed. The presence of fine glacial debris on slopes from 
which it would Ije easily washed by rain, may also furnish evi- 
dence in the same connection. Retreating glaciers sometime 
leave detached masses of ice which are melted in the course of a 
few years and hence indicate nipid changes. The amount of sub- 
aerial erosion on glaciateil areas may also serve to indicate the 
length of time they have been exposed. 

These various classes of evidence usual Iv enable one to deter- 
mine definitely whether a glacier has recently advanceil or re- 
treated, and may sometimes afford a clue to the rate of these 
changes. In the study of the glaciers of America we have at 
present no definite quantitative measurements, and must rely on 
such phenomena as have been indicate*!. 

Cnh'fornin: Some of the small glaciers in the High Sierra 
were visited bv me in 188v{ and 1884. 1 found that thev were 
certainly not advancing, and from the occurrence of barren area 
about tlieir extremities judged that they were s low 1\' receding, but 
could not obtain evidence as to the* rate of the rec»ession. 

Observations by J. S. Diller, of the V. S. (leological Survey, 
on Mt. Shasta, indicate that the glaciers in northern California, 
like those farther south, are retreating. Evidence of this is 
furnished by barren areas about the ends of several of the glaciers 
and by a conspicuous latenil moraine on the side of the Whitney 
glacier, which in 1887 was about twenty-five feet alxne the level 
of the adjacent ice. 

Oreyon and Wimhhujtnu: The glaciers on the Casca<le mount- 
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aiiis have l)eeii visited by a number of persons, but I have Ijeen 
unal>le to obtain satisfactory evidence of advance or recession. 
An inspection of photographs of the glacier on Mt. Rainer indi- 
cates that they end in areas bare of vegetation, which presum- 
ably were recently occupied by ice. 

BrltiHli Colnnihia: The glaciers of British Columbia, although 
numerous and important, are but imperfectly known, and only a 
few observations on recent changes have l>een made. Many of 
these glaciers, however, have been seen by Dr. (}. M. Dawson, 
who informs me that in no instance are there evidences that thev 
have recentlv advanced, and considers it is safe to assume that thev 
are either stationary or slowly receiling. 

K. (1. McConnel, of the Canadian (Geological Survey, has 
kindly informed me that the glaciers, both on the Stikine river 
and in the Rockv mountains, have shrunken back from fresh look- 
ing moraines, and that the intervals between the ice and the mo- 
raines, in all instances examined by him, were destitute of trees 
and contained but little vegetation of any kind. In his opinion a 
marked retreat has occurred within the last centurv or two, but 
whether it has lK?en in progress during the past one or two dec- 
ades cannot be decided from the evidence in hand. Observa- 
tions made bvMacoun and IngersoU confirm this conclusion.* 

I visited the Illecellewaet glacier at (1 lacier station, on the 
Canadian J^acific Railroad, in the spring of 1891, and found a 
barren area, intervening between the ice and the encircling forest, 
several hundred 3'ards in breadth, which had evidently l)een but 
recently almndoned by the glacier. A small moraine on the 
western side of the glacier also suggested a recent shrinking of 
tlie ice. The evidence of a recent retreat of this glacier ban 
also lH»en noted by W. S. (Jreen.t 

An absence of vegetation about the extremity of one of the 
glaciers on Stikine river was noteil by Blake. J and may probably 
Ik* taken as an indication of a recent retreat of the ice. A legend 
current among the Stikine Indians indicates that two glaciers on 
opposite sides of the stream wen^ formerly unite<l and thiit the 
rivtT then flowed through a tunnel Ijeneath the ice. 

♦Monntaineeriug in British Columbia, by Ernest IngersoU, Bull. Am. 
<H*()ir. Soc, Vol. XVIII, 1880, p. 18. 

"♦"Ainonir thi' Selkirk «:larier«, London, I81K>, p. 00. 

*.\iiU'ricR!i Jour. Sri , Vol \i.iv,1807, pp. 1K5-101. 
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Alaska: The evidence that a general retreat of the ghiciers of 
Ahiska is still in progress is abundant, and in a few instances is 
of quantitative value. 

Lifnn Canal: About this magnificent inlet there are many ice 
streams of the alpine type, which descend nearly to sea level, but 
none of them are now actually tide water glaciers. AlK)ut the 
ends of many of them there are dense forests of spruce trees 
which must have been growing for at least one hundred and fifty 
years, but l)etween the forests and the present terminus of the 
ice there is in several instances a barren area covered with moral nal 
deposits and bearing every indication of having but recently be(»n 
abandone<l by the* glaciers.* These conditions are especially 
noticeable at the extremity of the Daviilson glacier, situated on 
the western side of the inlet near its head, which expands into a 
broad ice foot on leaving the wild gorge through which it flows. 
Between the present terminus of the ice and the encircling forest 
there is a barren tract half a mile bn>ad, which has l)een left bv a 
retreat of the ice so recently that vegetation has not been able to 
take root wynm it. A decided retreat of the ice has here recentl}* 
occurred, and to all apiK»aninces is still in progress, but no ob- 
servations of its rate have l)een made. 

Conditions similar to those seen at Davidson glacier were ob- 
served in connection with several other ice streams in the same 
region. In Taku inlet, the Xorris glacier comes down to sea 
level, but is separated from the water by broad mud flats. There 
is no indication that this glacier has rt^cently advanced and an 
accumulation of debris over its surface indicates that it is melt- 
ing away. The Taku glacier near at hand, is of the tidewater 
type and evidence of recent cliangi^s are wanting. 

Ghicui- Baif: The evidence of recent changes in Muir (lla- 
cier have lH*en presented by Wright, t who has shown that 
it has quite recently' l)een lioth more extensive and of less size 
that at present. Additional evidence of these changes have 
* l>een sup])Iie<l by Reid, X who concludes that Muir Glacier and 
other ice streams now discharging into (rlacier bay, were form- 

*Bull. Geol. 8oc. Am., Vol. i, 1890, p. 152. 

tThe Ice A^e in North America, bv (4. Frederick Wright, New York, 
1889, pp. 51-57. 

JStadies of the Muir Glacier, by H. F. Ueid, National Geographic 
Mag., Vol. IV, 1891, |>p. 
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erly much more extensive than at present, and at the time of 
the Vancouver's expeilition in 1794, probably occupieti the 
whole of the bay to a point some distance l)elow Willoughby 
ishmd. The retreat during one hundred years is thought to 
be in the neighborhood of fourteen miles. This conclusion, 
however, n»sts on certain psissages in the narrative of Van- 
couver's voyage* which may possibly refer to floating ice, and 
not to actual glaciers, and therefore not have the quantitative 
value indicated aliove. But under any plausible rendering of 

• 

Vancouver's account, it doi*s not seem possible to escape the ccm- 
clusion that the ice in (J lacier bay was far more abundant at the 
time of his visit than in recent vears. 

Observations made by Wright and Reid in 18SG and I8IM1, 
res[>ectively, show that Muir glacier has retreated during this in- 
terval more than 1 . 000 yards. This observed Rite of recession 
would, if continuous for one hundred years, pn)du(»e a retn*at of 
approximately fifteen miles, and atfonls ground for Ijelieving that 
the great n*tn»at supi)osed to have o<»curred since VancouviT?* 
visit is approximately correct. 

John Muir has kindly contribute<l the following note concerning 
the retreat of the glaciers of southea.*itern Alaska, which con- 
firms the evidence already presentiMl: 

'•All the glaciers that have come under my obserx'ation in southeastern 
Al&^ka have retreat«Hl and shallowed since first I became ac(iuaiote«I 
with them iu I87i» and 1880. Those in which the declivity of the chan- 
nels is least, have of course rece<ieil the most. During the ten vears 
between 1880 and 189(\ Muir glacier has rpcede<l about one mile, at it> 
mouth in Muir inlet." 

*S/. Kh'tus Rttjinii: Much space could Ih» oivupitnl in ro(»onling 
nl»>ervati<uis which indicate a genend n»ci»ssion of the glaciers 
aUmt Vakutat and Disenchantment bays and along the adjac*ont 
«K*ean shore, but a brief summary of this evidence is all that 
siH'ms niH'c.ssarv at this time. 

The l(»wer iM»rli<»ns of a large nuniU'r of glaciers in this n»*non 
ari' coniplelcly i-overed by c<»nlinuous shi»et> of debris which ha> 
Ummi tuMU'cntmtiMl at tiie surface through the melting of the iei*. 
Tiiis lU'bris is not lieiiig carrieil forwanl and dei)osited in terminal 
moraine^, but is di^tributi'd ovit the surface of the itv in a thin 



''X ova^f ol DiM-nvt-rv ar.»uu»l tlie World. I'V Vancouv«»r, Vol. v, p|». 
4Jt> A'l-\. (^in»t«'l h\ Wriirht in hv Ago of North America, pp .Vi-.'VT. 
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sheet and markH the Htagnant condition of the ghicier on whicl^ it 
rests. In several instances, especiall}' on the outer border of the 
Mahispina ghicier, the moraines resting on the ice are clotlied 
with vegetation, which over many square miles has the character 
of a forest, com|K>sed principally of spruce trees, some of which 
are three fiK»t in diameter. Within the forest covered bonier and 
forming a belt concentric with it, there is a barren tract covered 
with stones and Iw^ulders. The forests growing on the glacier 
and also thousands of lakelets, lK)th in the outer bonier of the 
barren moniine and in the adjacent fon»st- covered moraine, indi- 
cate conclusively that the ice-sheet is stagnant and conse([uently 
wasting away. On the coast l)ordering the Malaspina glacier on 
the south, there were formerly two projections called point Rio 
and cape Sitkagi which were noted by the explorers one hundrcnl 
years ago. In traversing this coast in 1801, I found that no capes 
exist at the localities referred to. At the site of cajM; Sitkagi 
there is evidence that the sea has recently invadtnl the glacial 
Ijoundary. On the si<les of many of the alpine glaciers in the 
St. Elitts region there are steep slopes bare of vegetation although 
well l)elow the upper limit of tree -growth of adjacent areas, which 
indicate that the ice .streams have recentlv shrunken within their 
IhmIs. My conclusions after two visits to the glaciers in the St. 
Hlias region is that without exception they are nipidly retreating. 

Near iK>int Manby there is a locality where the Mahuspina gla- 
cier has recently advances I about l,r)(Mj feet into a dense spruce 
forest, cutting otf the trees and sweeping them into confused 
heaps. After advancing, the ice retreattnl, leaving a typical mo- 
raine surface filled with lakelets. This is the onlv instance of a 
recent advance that has come under mv notice. 

The head of Yakutat bay was visited by Malaspina in 1701, 
and again by cai)tain Pnget in 17m. Each of these explorers 
found the inlet blocked bv a wall of ice from shore to shore. 

ft 

No other observations in this connection were made until mv 
visit in the summer of 1X!>0.* From what mav now l>e observed 

ft 

it is evident that the l>:ilt<Mi ami Hubbard glaciers, which come 
down to the wattM* at the iiead of the inlet and break off in iKMiis. 
must have (»xtended some five or six mih's beyond their present 

'•' .Map iiHlirutini: tlie i>ositioii of the ice in 171>1 is shown on phite 7 
■iml its extent in ISJJO. on platt' s, of my report on an expedition to Mt. 
•^t. Klias, in Nat. (ieoi:. Mair., Vol. iir. Tliis is only a skftcli map, and 
annot he relied upon for measurement of di&tances. 
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|x>.sition at the time of MalaHpina's and Puget's visits, an<l wt»rt' 
then united so as to completely block the entrance to Disenchant- 
ment bav, which is a continuation of Vakutat l)av. These ol»ser. 
rations show conchisively that the glaciers mentioned have re- 
treated five or six miles within the past one hundred years. The 
small recession that has here tiiken place, in comparison with the 
changes rei)orted in Glacier bay, during the same time, is prol>- 
ably due to the fact that the neve from wliich Muir glacier flows, 
is much lower than the snow fields dmined l)v the Hubbiird an«l 
Dalton glaciers, and presumably more sensitive to climatic 
changes. 

North Siih nf the St. Elian Motnitfiins: Dr. C Willanl I[ave>, 
of the V. S. (JiM)logical Survey, in crossing from Selkirk house 
on the Yukon river to Copper river, in 18!)], passed for a )>ortion 
of the way along the northern l)order of the great system of 
mountains which culminate in Mt. St. Klias, and discoverinl sev- 
eral large glaciers of the alpine type flowing north wanl from the 
neve field north of Mt. St. Klias, and also other glaciers draining; 
nevt* fields alx>ut Mt. Wningell and fiowing .southward. Kespeot- 
ing the evidence of recent changes in these glaciers. Dr. Hayes 
has kindly supplied the following notes: 

Two large glaciers and many small ones were seen flowing from the 
St. Klias mountains northward into the White river basin. Another 
flows from the southeast into the pass and drains into both the White 
and Copper river basins. About the head of the Xizzenah are four large 
and many small glaciers. Flowing into Copper river from the coast 
range are four or five glaciers, one of them — Miles glacier — l)eing larger 
than any seen further in the interior. Observations were thus made on 
twelve glaciers, and with one exception to \h* described later, all sliow a 
more or less rapid recession. The evidence of this recession in motit 
cases is the accumulated moraine covering the terminal edge of the 
glacier; or where there is not suflicient englacial drift to accumulate and 
form a protective mantle, the stagnant ice melting to a feather e<lge. 
The W^hlte river lobe of Russell glaciers is of the moraine covereil 
type, while the Ni/.zenah lobe has the feather edge. On the Khit- 
lan and Uussell glaciers tlie outer portion of the moraine covered ice 
support.** a dense vegetation, which l>ecomes gradually more scanty and 
<lisappears about half a mile from the edge of the ice. The recession 
of the smaller glaciers along the Ni/.zemih appears to have l>een 
mi)re rapid than tlie advance of the vegetation so that l>etween it and 
the ice is a tielt of bare moraine. 

Miles glacier terminates in an ice cliff fronting upon Copper river 
and the river lias a^ yet cut only part way through the dam formed by 
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the northern lateral moraine. This moraine must, until very recently, 
have been backed up by the glacier itself, though the front of the latter 
has now retreate*! two miles to the eastward. 

While the fact of recession is manifest, the rate is more difticult to de- 
termine. In one case, however, it is po8si!>le to connect the amount of 
recession with an important episode in the history of the region, namely, 
the eruption of a wide spread deposit of volcanic ash which extends 
from near the head of the Pelly westward to Scohii pass. With regard 
to the age of this deposit Dr. Dawson says:* "While the eruption must 
have happened at least several hundred years ago, it can scarcely be 
supposed to have taken place more than a thousand years before the 
present time." 

For a distance of about three miles in front of tlie Klutlan glacier 
there is a deposit of moraine material perhaps 200 feet thick, composed 
of volcanic ash and angular rt>ck fragments. This evidently fixes the 
position of the glacial front at the time of the volcanic eruption, and the 
amount of recession since that event. It is interesting to note that (m 
the present glacier surface the volcanic ash Is found only a short distance 
from the end, showing that since the eruption, while the front of the 
glacier has receded about three miles, nearly the whole mass of the 
glacier has been renewed by fresh addition from its source. 

The single exceptional case already referrel to, is the Frederika gla- 
cier, which seems to be advancing its front instead of retreating. It has 
its source In the high mountains forming the eastern members of the 
Wrangell group, and tlows south In a lateral valley, joining the valley of 
the Nlzzenah at right angles. The front of the glacier is panillel with 
the river and about three-fourths of a mile from It, the intervening space 
being a gravel plain. The glacier terminates in a nearly vertical ice 
cliff about 250 feet high. It Is slightly convex, and stretches entirely 
across the valley about a mile in length. The surface of the glacier Is 
free from moraines but Is extremelv rouirli and broken, unlike the ordl- 
'nary surface of stagnant Ice at the end of a retreating glacier. At the 
foot of the cliff is a small accumulation of irravel and frasrments of ice, 
probably i)ushed along by the advancing mass.+ 

An exphinaticm of this anomalous case is suggested. Ten miles to the 
weatwanl of the Frederika another much larger glacier flows into the 
valley of the Nlzzenah. This is formed by the union of three separate 
streams, and of these the eastern appears to be retreating much more 
rapidly tlian either of the(»thers. But this easitern branch probably has 
Its source in the .same ba>in as the Frederika glacier, and It seems not 
Impossible that l»y some means tlie drainage has ])een diverted from the 
western to the eastern outlet, thtis causing the ra]ud retreat in the former 
glacier and advance in the latter. 

♦Report on Yukon l)i>tri(t, p. 4.") 15. 

+This is the only instance of an advancing iihi<ier known on the west 
coast of North Aineri<*a. I. C. \\. 



•^'^2 The American Geologist. May. isr 

(JniiihitHl: ]ii*}£}in)in^ rw^ent changes in the ice sheet of 
(inM'iiIiuHl thw* in but wjantv evidence, and such observations as 
have been made on the atlvancA* and retreat of the margin of the 
ice are conflicting. IIoRh found in 1880, between latitude 61 and 
65° 'M)\ nw the w<»Mt coawt, according to Lindahl,* that **the bor- 
<h*r of th<» i(H» appearwl to liave retreated quite recently in many 
placcH; in <itherH it had (h*cidedlv advanced.' Nansent remarks 
in tiiiK connection that we cannot even conjecture what the present 
contlitions are, and thinks tliat tlie observations show that there 
is no strong ten<U*ncv either towanls advance or retreat. Warren 
rpiuun,J who has recently reviewe<l the literature relating to the 
(ireenland ice sheet, informs me that in his judgment the ice is 
nt)w slightly increasing in thickness and generally in extent. 
This conclusion rests largely on the general absence of debris on 
the lM)rders of the ice sheet. His studies have also led him to 
the conclusion that (Jreenland, in common with other ix)rtions of 
the northeast lM)rder of this continent, is now having an appre- 
ciable increase in cold. 

The observations of those who have traversed the inland ice 
seems to indicate that nearly its entire surface is in the cooditioo 
of a neve, and suggest that gn>wth and not retreat must V^ in 
progress. The absence of debris on the bonlers of the ice >be«en 
referred to by rpliani, is important in this connection, and seeact^ 
to indicate that no trreat waste of iceoccurs Wfore it is discharirt^i 
into the sea. So far as one mav iudiic from the ol>servatk>n> ot 
others, it seems as if the evidence available [K>ints to an iDCTvetii?*^ 
of the ice sheet, as supposed by Tpham. but 1 do not give mocii 
weight to this conclusion. Dufour. however, in a j^wj^er cii^cl li 
tlie b<*ginning of this essay, is inclined to the opix>sito ooncln^^kcL 
He >tates that in isso he made a communication on \he w^trtuki of 
llie glaciers of Hurooe and Asia before a scientific oonirrt^s?- a: 
Jiciijis. and that during the discussion which foUowcni one of T.ii< 
jxTr-oiis pre>ent. wh<» had been in (ireenland several timcf*. nioir- 
"tioiK'd that he •had ii<»tice(l that the irlaciers of that land bad uh*i 

-'Am. NaT.. \'ul. 'Z'Z. isKN i>. ■)%). 

"^Fi^^T (JrobsiijL^ of <irff nhiiid, \'ol. ii, p. 4U1. 

JThf ( nnrluKione of Mr. Ipbain arf also <on<ained in the Ifillnwhi^- 
jtap^-rh:— '•(>u t)ie f-aufcif^ of tli<' cfild of thf (tlacial Epw-L,** Am. WfO*.. 
\""l.\i. l>^J<r». p. ^vJO: and "TIj*' i< <- sheft oi Greenland," Am. Gf»nl..Tn4 

\in. T^'.M. p. l.'Wi: *'( 'riK-ria of .tjl'Iiu ial and ^liliirlacial drift,** Ani. t'Wo... 

\'<']. \ in. i>*:m, p. ;:'^.■>. 
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retreated eonsiderabl}'. " It is known that the glaciers of Green- 
hmd were much more extensive (hiring a former ejx)ch than at 
present, and left records at an elevation of ;{,00() feet above the 
present ice surface.* It may be suggesttnl that the observations 
referred to by Dufour possibly relate to these ancrient records. 

Wriyht uf the Eiide/ur: The obs(»rvations summarized in this 
paper in reference to the Cordillera region, although unsatisfac- 
tory' in many ways, indicate with a single exception which seems 
to have a special explanation, that the ice Inxlies in that region are 
retreating. This conclusion not t)nly rests on (iirect observa- 
tions of several individuals, but is sustained by negative evidence 
sis well. An advance of a glacier, especially in a forested country, 
is apt to be strongly marked, and would attract the attention of 
even a casual observer, but in no instance, with the exception 
reported b\* Dr. Ha3'es, and the slight extension on the liorder 
of the Malaspina glacier already mentioned, has a recent advance 
of the glaciers been rei>ort(Hl. 

The fact that the glaciers at the head of Yakutat bay have re- 
treated several miles within the past one hundred years, as well 
as the still greater recession of the glaciei*s of Glacier bay during 
the same period, indicates the present general recession of the 
glaciers of the Pacific coast has probably l>een in progress for more 
than a century. During this time there must have Ijeen many 
minor oscillations which our imperfect olwervations do not de- 
t«*ct but the fact that the general movement has Ikhmi backward 
is well sustained. 

The shrinking o[ the glaciers of the west coast of North 
America, together with the conclusions reachcHl by Prof. Dufour 
to the effect that the glaciers of Ijoth Europe and Asia are reced- 
ing, indicate that the (ireenland ice sheet is the only one in the 
Northern Hemisphere which is not now diminishing. 

Climatic rhdnyes: The advance and retn»at of glaciers depends 
on climatic change. Glaciers, like enclosed lakes, record the 
result of the sum total of climatic changes which favor the re- 
tention of moisture on the land. In general it is safe to assume 
that increase<l precipitation will favor their growth and a rise of 
temperature lead to their retreat. A general decrease in the 
glaciers of the Pacific coast suggests that other evidence of a 
secular climatic change should 1k» found in the same region. To 



♦Am. Jour. Sci. :}rd ser., Vol.24, pp. lUU-lOl. 
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discover if there is iinv connection l)etween the retreat of jrlacier* 
and recorded observations on climatic changes, it would ap|Hiir 
tliat an inspection of the records of mean annual tem|H»ratniv 
and mean annual rainfall, withont discussing the causes of tht»s«* 
chanjrcs. would be sufficient. Difficulty in the wav of makintr 
this comparison arises, however, from the fact that in the glacial 
records we have only the general result of a long seric»s of changes. 
all minor features of which are lost; while in the weather n^conls 
sufficient time has not been covered bv the observations to show 
.secular chanjjes a century or mor<» in extent, which would U* 
necessary to reach a satisfactory conclusion. The weather reci»rds 
on the Pacific coast did not begin until 1841», and were not madt* 
at a sufficient number of stations to furnish a basis for determin- 
ing general climatic changes until a number of years later. This 
lack of observations render it impossible to make the ctunparison 
desire<l. The same proves to be true also on attempting to cor- 
relate the retreat of the glaciers with the weather records of tlh* 
entire North American continent. The only conclusion to W 
reached in this connection seems to be that the data relatintr to 
l)oth the tluctuations of glaciers and to climatic changes are inad- 
e(iuate for satisfactory comparison. 

Curves sluiwing secular changes in temperatun* and rainfall of 
the world for more than one hundred years, derived from all 
availal)le weather records, have lH»en published by Dr. Knickner. * 
of the I'nivei-sitv of Berne. The observations of tempemture 
embrace the period between \TM\ and 1885 and show a gnulual 
rise during the latter part of this interval. The curve indieatinu 
rainfall includes the period between 1775 and 1885. and shows a 
gradual decrease towards the \.n\i\ of this period. These results 
seem in harmony with the decrease of the glaciei*s of KurojK* and 
Asia and of the west coast of Xoi1h America, but how accunitelv 
the curves indicate actual changes in the elements of climate re- 
ferred to it is impossible to say. The general rise in thetenijM'ra- 
tnrc curve, the gradunl fall in the curve representing precipitation, 
towards the end of the periods of observation are )>robablv iu- 
tlucnced by the varying character of the observations durinii 
ditlcrcnt portions of the period. The corresjM)ndenee lH»twtM*n 
the general retreat of the glaciers in the northern hemisphere and 
the changes in the records of temperature and rainfall refernil to 

^^INMik's (Jeoir. Al»l:ui«lhinir«'r, Vol. iv, 181M), p. \Vl\). 
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above may 1k» valid, but it seems to me for various reasons, tliat 
but little weight should attach to it. 

The comparisou of the retreat of glaciers on the west coast 
with the rise and fall of the lakes of tliat region, more esi>ccially 
of.tlie enclosed lakes, would be instructive, but here again, as in 
the case of the weather records, no n»cords covering a suffi- 
cient length of time are available. Observations on the rise and 
fall of (treat Salt lake show many fluctuations, but no general 
decrease which is comparable with the retreat of the Cordilleran 
glaciers. * 

The geological records of lakes Bonneville and Lahontan show 
two maxima separated by a minimum, which latter indicates a 
pt»riod of desiccation, an(i followed by a second minimum which 
extends to the present day. The retreat of the glaciers on the 
west coast seems in harmonv with this record. The desiccation of 
the lakes referred to has accompanied the retreat of the glaciers 
on neighlH)ring mountains, but has IxH^n more rapid. It is be- 
lieved that the lakes of the (ireat Basin ha<l their last maximum 
at the time the Sierra Nevada was covered with glaciers. A gen- 
eral decrease in the glaciers appears to liave accompanied the de- 
siccation of the lakes and is still in progress. 

The retreat of the glaciers on the Pacific coast, as shown by 
rough (piantitative determinations at Yakutat and (J lacier bays, 
has l)een in progress for not less than one hundred years. The* 
character of the forests alnrnt the extremities of the jjlaciers of 
Lvnn canal, show that the ice streams have not advanced In^vond 

» • 

the barren areas in which thev now terminate, within at least one 
hundred and fiftv or two hundred vears. In the case of I)avi<I- 
s<in glacier, the barren area intervening between the ice and the 
encircling forest is about half a mile wide. If this retreat was 
accomplished within one hundred years it would show that the ice 
foot receded at the rate of alM)ut two feet per year.t 

Similar conclusions have been reached in reference to other 
glaciers in the same region and, althougli definite measurements 

♦The Huctuations of Great Salt lake have been discussed by O. K. 
Gilbert, who shows that they coincide but imperfectly with observed 
variations in temi>erature and precipitation in the same region. V. 8. 
Geol. Surv., Monograph No. 1, pp. 230-248. 

tThis is an exceedingly rough estimate for the reason that the breadth 
of the barren area about the fot)t of Davidson glacier has not been 
measured. The statement that it is half a mile wide is from eye estimate 
simply. 
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are lucking, these considerations show that the retreat has lK*eii 
very gradual, and was undoubtedly accompanied by many minor 
changes of which we liave no record. The indications an* that 
the retreat of the ghiciers has been so gradual that it is doubtful 
if ordinary weather observations wouUi be able to detect the 
change, unless carried over a period of several clecades. and 
therefore could not Ih» expected to appear in the weather reconls 
now available. For example, a decrease in the mean annual niiii- 
fall of the Pacific coast to the extent of one-tenth of an inch per 
year would, in the time covered by the retreat of the glaciers, 
produce marked results, but would scarcely l>e detected in a serie> 
of observations covering less than a decade, and even then the 
stations would have to be numerous to allow one to draw definitf 
conclusions. Similar considerations hold true also in reference* to 
an increase of temperatunv 

These considerations indicate that the growth of glaciers ami 
the initiation and decline of (Jlacial epochs, are caused by ver}' 
gradual climatic changes which would only become conspicuous, 
as climatic changers are now studied, after the lapse of centuries. 

Wnsliiuf/iuif, I). C. Frhnmn/ J!f, ISfU\ 



EDlTOrilAl. COMME.NT. 



Sir Andrew V. IIa.msav. Hart. 

With the death of the late direct* »r-general of the gindogic-d 
survey of (treat Britain and Ireland, at his home at Heaumaris (l.of 
Anglesey) on the IKh of December, ISMl. at the age of 77, a con- 
sj)icuous and long familiar figure disappeared fnmi the geological 
world. A born geologist, he needed only the opiM>rtunity for 
showing his power and this came during a visit to the Isle of 
Arnin (f<u* the benefit of his health, never too stning), through 
accidental contact with Prof. Nichol. of (llasgow. Mapping and 
UKxlellinir the island, his work attracte<l the attention of Murchi- 
son at the meeting of the Hritish Association. at (Ilasgow,in 1S4<». 
Throujzh his assistance I5anisav was attached to the survev and 
assiirned to South Wales. In lS4r» he was made local <liriH-t<»r 
for dreat Britain, which otlicc he held until on the death of Sir 
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Roderick Miirehison in 1871, he hecjime director general, retain- 
injr the i>ost till ISSl. 

To llarusay geolojjy is indebted for bringing into prominence 
the doctrine of earth scnlpture. In his first paper on tlie denuda- 
tion of South Wales lie showed that *• the existing toi>ography of 
the land has a long and interesting history ranch of which may 
still be deciphered." This idea he afterwards enlarged in his 
** Physical (Jeology and (icography of (treat Britain,*' a series of 
lectures delivered at first to working-men. 

Another of his favorite subjects was the erosi<»n of their beds 
by glaciers, and the now familiar <loctrine of the excavation of 
the basins in which lie many of the lakes so numerous in glaciate<l 
regions. This doctrine yet retains some value in special ctises, 
but it was doubtless pushed by its able author beyon<l due l>ounds. 
He also was among the first to attempt to establish the recurrence 
of glacial episodes in the distant past, as for example, in the 
Permian and Devonian eras and to make i)rominent the idea of 
pal«?ontological breaks in the record of life, which he did in his 
addresses before the Geological >S)ciety of London in 1S():> and 
1S(J4. dates which form an eiHK*h in the history of the science. 

In addition to the.se side issues the results of his direct lal>ors 
may be found in the volumes of the geological survey during his 
directorship. 



REVIEW OF IJECK^'T GEOLOGICAL 

LITERATURE. 



Tenth Attn mil Jit port of tin I'ltitcd Stntm frrolnf/iroj Surrtt/ to M/ »/t*»- 
taryofthtInUrior.l8Ss."s9. By .7. W. Powell, Director, Washingtcm, 
1890. Part I Geology, p]>. xv, 774 ; with OS plate.-i, and about 70 fiijures 
in the te.xt. Part II, Irrigation, pp. viii, ViX\. 

These voiuines were distributed to working geologist.-* and librarie.s a 
few months ago. During the tiacal year reported, au aggregate area of 
48,222 84iuare miles, including parts of twenty-three states and territo- 
ries, was surveyed and mapped. The topographic surveys have heeti 
extended over the whole of Massachusetts, Uhoile Island and New 
Jersey ; more than half of Virginia and West Virginia : approximately 
twortfihs of Missouri, Kansas, and Arizona: a (piarlcr of Maryland and 
Tennessee; and a sixth of North Carolina, Georgia, Alabama, Kentut ky, 
and California. About a tenth part of the national dnmain has l»een 
thus accuratelv surveved. 
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Summaries of the work of this survey, and of the present state nf 
knowledge of North American geologic systems, with correlation of 
formations throughout the country, were in progress of preparation, is 
follows : on the Pleistocene, by T. C. Chamberlin ; Neocene, William If. 
Dall ; Eocene, W. B. Clark : Cretaceous ( including the Laramie ), C. A. 
White ; Jura-Trias, I. C. Russell ; Carboniferous and Devonian, H. S. 
Williams ; Silurian and Cambrian, C. D. Walcott : Algonkian and 
Arch.ean, C. K. Van Hise ; correlation by vertebrate palaeontology, O. C. 
Marsh ; correlation by pahi^obotany, Lester F. Ward ; resume'* of North 
American stratigraphy, W. J. McCtee ; and discussion of principles of 
correlation, G. K. Gilbert Three of these memoirs, by White, Williams, 
and Walcott, have been since issued as bulletins of the survey. 

Professor Pumpelly's report of the progress of his investigation of the 
structure of the Green mountains shows that they consist of compressed 
folds overturned toward the west. The cores of the folds are pre- 
Cambrian crystalline rocks, which are generally hidden. Metamor- 
phosed detrital rocks form the surface, apparently comprising the entire 
Cainbriam system and the Silurian upward to the Hudson Kiver forma- 
tion. 

In the work of the Atlantic Coast division, under the direction of 
Prof. N. S. Shaler, the morasses and superficial deposits of MastMichu- 
setts have !)een mapped, and are found to exhibit a gradual decrease 
of stratified gravel, sand and clay, and an increase of the areas of till, in 
pnK'eeding from the seaboard inland to the western and higher part of 
the state : moraines have been discovered in the interior, far back from 
the great terminal moraine whicli forms the crest of Long Island, and 
the drumlins are found to display diverse degrees of development, the 
least prominent grading insensibly into ordinary sheet till. 

The structure and origin of the Appalachian mountains havt» l)een 
studied l)y Mr. G. K. Gilbert, and Mr. Bailey Willis, and the latter ba» 
undertaken a series of experiments to represent in miniature the folds 
of these mountains by subjecting layers of plastic material to lateral 
thrust. 

Exploration of the rock formations surnmnding lake Superior, by 
Prof. C. K Van Hise, has been extended over a large area, in north- 
eastern Minnesota and northern Wisconsin and Michigan. For the 
extensive series of rocks, supposed to l)e beneath the Cambrian and 
above the Arch.-ean, well developed in this district, the name Algonkian 
is proposed. This is another addition to the synonymy of the already 
l)urdensoine and complicated nomenclature of this uncertain horizon in 
tlie geological scale. 

In the (tlacial division, under the direction of Pres. T. C. Cham- 
berlin, work has related to the glacial Lake Agassiz ; to the terminal 
moraines, and the succes>i<m of deposits which make up the general 
<lrift sheet : the gravels and sands of glacial origin continuing beyond 
the limit of the ice incursions in the l)asin of tlie Mississipi : trains of 
lioulders in Wisconsin : and the osars, kames, and valley drift in Maine. 
Reports on most of these su!>jects are nearly ready for pu1)licatiou. 
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Dr. A. C. Peale in central Montana, has examined a type section of 
the entire Pahi»ozoic system from the Carboniferous to the Algonkian, 
inclusive, finding every principal division distinctively developed. 

The field work in the Yellowstone National Park, under the direction 
of 3Ir. Arnold Hague, comprised the continuation of observations of the 
geysers, and espe< ially the careful study of the Excelsior geyser, which, 
after lying dormant for nearly six years has burst into renewed activity, 
concurrently with the disappearance of several hot springs and small 
streams. The topographic maps of the Park, and the delineation of the 
areal geology, are completed. 

Mr. S. F. Emmons has nearly finished the preparation of monographs on 
the Ten Mile and Silver Creek mining districts in Colorado, and on the 
Denver coal basin. A most intert*stiug formation, underlying the city of 
Denver from which it is named, was discovered during the year covered 
by this report and has been described by Mr. Whitman Cross. It is prob- 
ably of Eocene age, and consists of sediments eroded from andesitic lavas, 
but the situation of the area thus denuded has not been determined. 

In California Mr. G. F. Becker, spent the greater part of the year in 
surveys of the Gold Belt, tentatively mapping the geologic formations 
of about half of the auriferous region. Well-preserved glacial striu' 
have been found on portions of the walls of the Yosemite Valley, and 
on the head-waters of the Kaweah river, farther south than any locality 
previously known. '* Here, as elsewhere in the Sierras, the ice marking 
is wonderfully fresh. Although the streams are roaring torrents of 
high declivity they have coiraded but a few feet of rock since the 
glaciers disappeared.'' 

Mr. J. S. Diller, in charge of the Cascade division, was occupied 
during most of the season of field work in the collection of speci- 
mens of volcanic rocks from various points of the Cordilleran mountain 
belt, to f(»rm part of a series for distribution to the educational institu- 
tions of the country. The number of specimens collected to represent 
each variety of .rock in the series, is 250. 

The chief work of Mr. W. J. McGee durini; the vear was the com- 
pletion of his researches on the Pleistocene formations of northeastern 
Iowa. Dr. G. H. Williams was engaged in study of the crystalline 
rocks of the Piedmont region in Maryland : and Mr. L. C. Johnson in- 
vestigated the Tertiary beds of the coastal plain in the southern states. 

This report also reviews the paheontologic work done for this survey 
by Prof. Marsh, Dr. Newberry, Prof. L. ;^\ Ward, Mr. F. H. Knowlton, 
Prof. W. M. Fontaine, Mr. C. D. Walcott, Prof. H. S. Williams, Dr. C. A. 
White, Dr. W. H. Dall, and Mr. S. H. fcicu<ider : the work in the chemical 
and physical laboratories l)y Prof. F. W. ('larke. Dr. Carl Barns, and 
their assistants; the work of the petrographic lal)orator>' l)y Messrs 
Diller, Hague, Iddings, Bayley, and others ; and the work in mining 
statistics, and technology l)y Dr. David T. Day. 

The total value of the metallic products of the I'nited States, during 
1«88 was $256,245,000, of which iron was $107,000,000 ; silver $59.000,000 ; 
and gold and copper, each $88,000,000. Among the non-metallic mineral 
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products, which had an aggregate spot value of $328,914,000, bituminous 
coal was $122,000,000, anthracite coal, $89,000,000 ; building (^tone, lime, 
and petroleum, each about $25,000,000; and natural gas $22,662,000. 
Next to these, but far below, are cement and salt, each about $4,000,000. 

The report of the director and the administrative reports of the heads 
of divisions, which together fill 252 pages, are accompanied by three im- 
portant papers, entitled. General account of the Fresh-water Morasses 
of the United States, with a description of the Dismal Swamp district of 
Virginia, and North Carolina, by N. S. Shaler ; the Penokee Iron-bear- 
ing series of Michigan and Wisconsin, by R. D. Irving and C. R. Van 
Hise : and The Fauna of the Lower Cambrian or Olenellus zone, by C. 
D. Walcott. Reviews of the tirst and second of these papers were pre- 
sented in the March Gkoia)«i8T and of the second in vol. viii, p. 82. 

Part II, relating to irrigation, describes the surveys which have be^n 
entered upon in the great arid region of the plains and of the Cordil- 
leran belt, with its enclosed basins. The topographic work was in 
charge of Prof. A. H. Thompson, and the engineering and hydraulic 
work under Capt. C. K. Dutton. 

3[t. St. ElioA and its Glacien*. Bv I. C. Russeli.. The mist which has 
so long enshrouded this mountain has been in part dispelled during the 
past summer by the expedition of Mr. Russell of which he gives an ac- 
count in the Amtrican Journal oj Science and the National Otogntphic 
3faf/azuu. Though unable to reach the summit on account of l»ad 
weather, he camped with his party at an elevation of eight thousand feet 
for twelve days, and made one unsuccessful expedition towanl the sum- 
mit, the only one allowed by the weather. Snow also prevented much 
examination of the rocks but he reports them as consisting for the most 
part of brown sandstone and dark shale, witli intrusions of diorite and a 
few beds of limestone. Tlie dip is almost invariably to the northeast 
but the thickness could not even be estimated in consecjuence of crush- 
ing and overthrusts on a grand scale. No clue is given to the geological 
date of the rocks, but as specimens of shells yet living in the adjoining 
sea were found in recent strata on the sides of the mountain the conclu- 
sion is reached that its elevation must be very recent. Indeed, Mr. Rus- 
sell says that in his opinion tiie glaciers took pos 'Session of the ground 
at once, leaving no interval for the action of stream -erosion. 

The hight of the limit of perpetual snow is given at 200() feet and 
some of the glaciers are fifty miles in length. Many of these unite to 
form the groat .Malaspina glacier with an approximate area of 1500 square 
miles ttn<l lyiriir at an elevation of about 1500 feet. This glacier de 
bouches on Vakutat hay and the Pacific ocean between which and the 
ice Intervenes a wide drift-covered area partly overgrown with tinil»er. 

Mr. liussell calls special attention in his concluding paragraphs to the 
marginal lak<'s which are formed at the hight of a thousand or fifteen 
hundred feet, wherever the drainai;e is blockt»d bv the ico and to the 
deltas and terraces that are formed on the edges !»y these lakes which will 
lie left, he savs, hiLrh on the mouiitain bitle when the ijlacier melts awav. 
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The hight of this mountaio which has been so long in doubt has been 
measured by Mr. Russell as closely as was possible with the means at 
his command, and found to be 18,100 feet, with a possible error of 100 
feet. This, with one exception, that of the U. S. Coast Survey, which 
gave 19,500 feet, is the greatest hight that has been assigned to this 
peak. Other estimates have varied from 12,672 feet upwards. Its posi- 
tion as determined by Mr. Russell is just within the U. 8. frontier and 
he calls it a corner monument of the national domain. 

Parka deripiem by Sir J. NV. Dawson and Prof. 1). P. Pkniiallow. 
In a memoir presented to the Royal Society of Canada this problematic 
organism is well discussed by both these writers. Parka so well named 
deeipifns has been an object of controversy ever since its first description 
in 1831. Regarded by Dr. Fleming as a seed this view was confirmed by 
later observers, especially l)y Hugh Miller. Then the opinion was ad- 
vanced apparently by Lyell, that these bodies were the eggs of some mol- 
lusc such as Natica, or of some crustacean such as Pterygotus, the latter 
of which was fre(|uently found in the same beds. Other writers fol- 
lowing these adopted apparently without original investigation, the same 
view. Having received from Scotland some fresh specimens of Parka, 
these were made the subject of a careful investigation by the two botan- 
ists named, and their deliberate conclusion reverses the latter and recurs 
to the earlier view of their nature. Judging from the statements that 
they make, and the figures given therewith, little room for doubt re- 
mains as to the accuracy of this determination. They make the species 
and two varieties nudia and minor. 

In another pamphlet reprinted from the Canadian liecord of Science , 
Prof. Penhallow estalilishes also on material received from Scotland the 
genus ZosUrophyllnm with one species MyrHonianum, found associated 
with Parka deripienn in Devonian rocks, in Caithness. He also describes 
a Lycopoditcii (milleri) from the same beds. 

Prof. Penhallow also describes in the same transactions two specimens 
of seniifossil wood from the Post-glacial beds of Illinois. To one of 
these he applies the name Qnercun uuircyana from Prof. Marcy of Evans- 
ton, who sent him the material and to the other that of Picea etanstoni 
from the place where both were found. The pine occurre*! in a thin 
layer of peat immediately overlying the boulder-clay, and apparently in 
the place of its original growth. The oak lay at a higher level in sand, 
and ha<i probably !)een fioated to the place. Both trees were in the 
lowest of the throe lake-ridges at Chicago, near the spot from which 
some vears asro the bones of a mastodon were exhumed. 

Altitndtff bettccen Lake Superin' and the Uocky AfountainM. By Wauhen 

I'rHAM. pp. 229. (Bulletin No. 72, U. S. Geological Survey, 1891. Price 

20 cents.) The altitudes of railway stations, summits, bridges, and low 

and high water of streams are here tal)ulated, with distances in miles 
and tenths, compiled from the profiles of about 18,500 miles of railway 

lines in Minnesota, North and South Dakota, Montana, and portions of 
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adjoining states, with the entire system of the Canadian Pacific railway, 
and its connections from Port Arthur to the Pacific. Series of altitudes 
along the course of the principal rivers are also arranged separately 
in tabular form, including the lowest and highest stages of the Missis- 
sippi and Missouri rivers, <luring many y^ars at stations along all their 
course, as determined by the Mississippi and Missouri River Commis- 
sions. The basis of reference throughout is the mean sea level. 

Th( Viscosity of JSolids. By Caul Barus. pp. 131): with 6 plates, 
and 28 figures in the text. ( Bulletin No. 73, U. S. Geol. Survey, 1891. 
Price 15 cents ) This treatise is a contribution toward the solution of 
questions ]>earing on the viscosity of rock masses, following a general 
plan devised by Mr. Clarence King. The experimental investigation of 
the viseositv of steel leads the author to believe that he has discovered 
a relia)>le working hypothesis substantially corroborative of Maxwell's 
theory on this subject. 

T/it MinenilH of North Carolina. By Fukderick A. Gextii. pp. 
119. (Bulletin No. 74, U. S. Geol. Survey, 1891. Price, lo cents.) Since 
the publication of the latest previous catalogue of the minerals of this 
state ill 1881, there has been great activity in the development of its 
mining: and by the reopening of old localities and the discovery of new 
deposits, a considerable number of species have been added. The 
author states that " minerals formerly supposed to be rare are now found 
abundantly, and through the recent developments of chemical indastr>' 
<'veii such unusual species as samarskite, monazite and iiircon have 
acquired commercial importance. For example, in response to an in- 
dustrial demand. North Carolina has supplied zircon and mouazite by 
the ton, and samarskite by the hundred weight: and the output can be 
increased almo?t indefinitely." Many new analyses are presented in 
this memoir. 

litt'onf of Xorth Aimriran Geology for 1s87 to lsS9^ inrlmtirt By 
Nel"*ikn Horatio Dartox. pp. 173. (Bulletin No. 75, U. S. Geol. 
Survey, 1891. Price 15 cents.) The scope of this record includes Geo- 
logic publications printed in North America, and publications relating 
to North American g«>ology wherever printed. The entries, which are 
all arranged in a single alphabetic sequence, comprise authors* names, 
with full titles of separate papers and concise descriptive notes of their 
rontents ; titles of journals, state and national government reports, etc., 
untler which authors and short titles of thectmtained papers are given : 
and subject ref«»rences, which are geographic, stratigraphic, an<l mis- 
cellaneous. 

A Dictionary of AUitodfH in tfu rnitrd States {xerond tdition). Com- 
piled by Hknrt (Gannett, Chief Topographer, pp.393. (Bulletin No. 76, 
r. S. (Jeol. Surv«*y, 1^91. Price. 25 cents.) This work contains consider- 
ably more extensive <lata than its earlier edition, which was published in 
1884 : the additions ]>eing mainly altitudes determined by railroad sur- 
v»'vs. It is also mor** convenient for reference, as all the points noted 



are arranged in a single alphabetic list, inst^^ad of the former separate' 
groupin.i; for each state and territor}'. 

Trareln AmontjHt the Great And ef( of the Enuniov. IJy Edward WiiVM- 
PEK. pp. xxiv, 45C ; with four maps, 20 full page illustrations, and 118 
figures in the text. (New York : Charles Scribner's Sons, 1892.) In 
this very interesting narrative of the author's mountain climbing in 
Equador, the geographer, geologist, archii-ologist. meteorologist, botan- 
ist, and zoologist (especially the entomologist), encounter many valuable 
scientific notes. Mr. Whymper found that a stay during several days 
at high altitudes accustomed him to endure the rarified atmosphere 
with less discomfort. Mercurial barometers were used for the determi- 
nation of the great bights of Chimborazo (20,498 feet), Cotopaxi (19,0115 
feet), Antisana ( 19,:J35 feet;, Cayambe (lt),l86 feet ), and the other some- 
what less lofty volcanic cones of this portion of the Andes. The best 
aneroid barometers were found to be very unreliable at the altitude of 
Quito (9,350 feet), and during all the high ascents, so that they required 
careful comparison with the mercurial column for learning the irregular 
variations in their index-errors. 

The yfiviH Lituitea^ Bret/n.- Ut. Gerhard Holm publishes in the Pro- 
ceedings of the Geological Society of Stockholm (Vol. 13, pp. 736 et al.) 
a valuable contribution to this genus, especially so far as relates to the 
lobes. He was fortunate enough to obtain some beautifully preserved 
specimens of L. litnft» Mont., L.tenuranliH Rem. and some other forms, 
among which is one new one (/>. <ft»eors). Fie finds that there are in com- 
plete specimens no less than five lobes, with the exception of L. (Hhcovh 
Holm, in whi'^h there are three lobes, and L. pmcdnrfu*, in which there 
are only two. There is, however, some doubt about this last spocies, and 
it may prol)ai>ly have to be referred to another genus. 
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[. Stott tuul 0<n'iriunent Iiejtorf:<. 

Indiana. Department of (teology and Natural History. Sixteentli 
Annual Report. Maurice Thom])S(m, State Geologist. 1888. pp. 472, 
10 plates and Natural Gas Ma]). Indianapolis, 18><9. 

Bulletin of the V. S. National Museum, No. 42. A Preliminary De- 
scriptive Catalogue of the Systematic Coll<*cti(ms in Economic (ieoloiry 
and Metallurgy in the Museum, by F. P. Df^wpy. pp. 2.*)(; with plate>. 
Washington, 1891. 

Report on tht* ('oal Measures ol th«* Plateau Reirion of Alaliamu. bv 
H. McCalley; with a Report cm the Coal MeaMin»s of Blount county, by 
A. M. (iibson. Geological Surv«*y of Alal)ama. pp. 2^J><, witli map and 
sections. Montiromorv, 1891. 

(ieoloirical and Natural Historv Surv«*v of Minnesota. Ninet»*enth 



344 Tlie American Geologist. Ma%,i«e 

Annual Report, for 1890, by N. 11. Winchell. pp. 255 with illustratioas. 
Minneapolis, 1892. 

//. Proeeedinffs of Scicnlifie Sociftira, 

The Journal of the Cincinnati Society of Natural History, Vol. xiv, 
Nos. 3 and 4 contain: Manual of the Paleontology of the Cincinoati 
Group, by Jos. F. James; Descriptioo of some Subcarbooiferous and 
Carboniferous Cephalopoda, by S. A. Miller and Chas. Fal)er. 

Proceedings of the Philadelphia Academy of Natural Sciences, 1891, 
Part III contains: Notes on some little known American Fossil Tor- 
toises, by Dr. G. Baur; A new Meteoric iron from Garrett Co., Md., by 
A. E. Foote; Preliminary Notice of some Minerals from the Serpentine 
Belt, near Easton, Pa., by John Eyerman. 



coriiespo]S'de:>s ce. 



The Dei.tas of the Mohawk.— Pending further investigation, per- 
mit me to malce the following brief preliminary statement relating to 
observations bearing on the origin of the terraces of the Mohawk valley 
and the Iroquois beach. 

The terraces of the Mohawk valley are strongly develope<i, es]>ecially 
along its north or Adironack side. Each terrace is associated with some 
tributary of the Mohawk. More and longer streams enter from the 
north than the south, and they flow down steeper slopes and have greater 
transporting power. Each terrace is built up about the mouth of a 
stream in the form of a delta, as though the stream had entered a lake 
or estuary of still water. In a few instances where there is a consider- 
able distance between the larger tributaries there is no terrace. In 
general, the magnitude of the terraces appears to be proportional to the 
size of the streams which made them. The long heavy terrace below 
Herkimer appears to be the delta of Canada creek, which is the largest 
tributary from the north. This great deposit choked the Mohawk valley 
from side to side for a considerable distance, and was probably the 
agent which turned the river out of its old l)ed and forced it over the 
rocky ledge at Little Falls a few miles below. 

If these terraces are in fact deltas, then the water in which they were 
made must have been either a lake or a marine estuary. Prof. Merrill 
has already described estuarine deltas along the Hudson from New York 
city to Fishkill, rising towanl the north, and then again at Albany and 
S<'hene<'tafiy at an altitude of !i4() feet. If the old Hudson marine estu- 
ary reached Albany it was probably continuous with tlie post-glacial 
submergence of the Champlaiu basin. In this event it is hard to see 
how thf» Mohawk valley could have escaped being a marine estuary also. 
If it was, then the great deposits near Albany can hardly have l>een 
made by the Mohawk, but are probably the «lelta of the upper Hudson, 
Tills explanation comports best witli the delta-form terraees of the Mo- 
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hawk which were plainly formed in the same water body. The upper 
Hudson is by far the largest stream descending from the Adirondacks 
and would naturally build a correspondingly large delta. 

At Rome the level of the Iro<iuoi8 beach projected into the Mohawk 
valley appears to find a perfect continuation in the water-plane in which 
the terraces were formed. If the Mohawk was a marine estuary and had 
free connection with the Iroquois basin on the level of its great beach, 
it seems natural to conclude that the Irociuois beach • is also of marine 
origin. No doubt a great glacier-dammed lake once tilled the Ontario 
basin and had a river outlet past Home down the Mohawk. But a ma- 
rine invasion of later date may have obliterated its marks and built up 
over them the present estuarine deltas of the Mohawk and the Iroquois 
beach. The fall of 100 feet in the old water level from Rome to Schen- 
ectady is not necessarily the fall of a river, but is probably a part of 
the general northward rise, or a mere local variation. What 1 have seen 
thus far indicates that the terraces of the Mohawk are estuarine deltas 
and not true river terraces. F. Hurslkv Taylok. 

Fort Wayne, Ind., April 9, 1892. 

A CorreHion, Note on the Pnpei' on Deroninn Hocks of Buchanan 
County^ loira^ in the American Geologist for Septtfnbery 1891.^— Jn the paper 
mentioned in the title of this note I made the statement that beds of 
brecciated limestone lie at the base of the Devonian series in Buchanan 
county, Iowa, and that this was succeeded by the Independence shales. 
The Independence shales were originally exposed by putting down a 
shaft in the bottom of what is known as the old Kilduff (laarry, near In- 
dependence. In this shaft, beds containing Oyroceras and Gyjndula were 
found imm<*diately overlying the shales, but none of the beds showed 
any signs of l>eing brecciated. Beds of brecciated limestone are ex- 
posed in the bed of the river below the bridge at Independence, and it 
was concluded that since no such beds were found above the shales at 
KilduflTs, the bfeccia must lie below them. Subsequent observations, 
made more thoroughly and in detail, revealed this state of affairs: The 
Gyroceras beds to a thickness of twenty feet or more, have in general, 
over an area reaching at least from Fayette to Troy Mills, been broken 
up, and the angular fragments re-cemented to form the bnnciated lime- 
stone so conspicuous at many widely separated points within the Devon- 
ian area of Iowa. The beds affected were not entirely converted into 
breccia, for it is occasionally found to be the case that over patches sev- 
eral rods in diameter the Gyroceras beds, with their associated layers, 
retain their original position undisturbed. It would seem that the shaft 
at the Kilduff quarry passed through one of these undisturbed patches, 
and so led to the conclusion that the breccia expose<l at the bridge in 
Independence could not be al)ove, but must lie beneath, the shales. Those 
who are interested will kindly note this correction in connection with 
the artich' in the Oeoixkust, Vol. VIII, p. 142. 

A few |>oints have been found where the shah'S, by a little digging, 
mav he seen beneath the breccia. S. Cai.vin. 
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PERSONAL AND SCIENTIFIC NEWS. 



ToiMKiRAPHic Map of the Uxitkd States. — Mr. Heiirv <J:in- 
nett. Chief of the Topographic work of tlie Uiiite<l States Survey, 
is the author of an elegant suite of maps of the !'niteil States re- 
cently prnited by tlie survey. Last year he issued a iiniiteil etli- 
tion of a large map of the series in nine sheets, whicii recent 1\ 
have been reprinted in a reduced scale of 30x20 inches uinm a 
single sheet. 

The map is intended primarily to show the hypsometric and 
drainage features of our country, with a minimum of |Kditical 
features, onlv sullicient to enable the natural features to U* 

« 

located. The altitudes are shown by contour lines printtMl in 
brown, the streams in blue and political features in black. Va 
rious editions are issued showing either one, two or all these 
features, and are artistically and beautifully printed. 

These maps are an invaluable atldition to the cartography of 
our country, not only for their educational value, but as appro- 
priate bases for the platting of physiographic and geoh)gic (hita of 
everv kind, and Mr. Gannett has done a service to science bv 
their preparation. 

Prof. II. S. Willia.ms, professor of geology at Cornell !'ni- 
versity has accepted the chair of geology at Yale ! Jiiversity. 

Prof. James K. Toi>1), of Tabor, Iowa, has bei»n elected pn»- 
fessor of geology and mineralogy at the Tnivei-sity of South Da- 
kota, Vermillion. 

Mr. Robert Ktheridoe, well known by his paU*ontological 
labors during many years of active* work on the geological survey 
of Great Britain, has retired with well-earned honors, an<l his 
place as assistant keeper of the geological department of the 
British Museum has been filled by the appointment of Mr. A. 
Smith Woodward, author of the catak)gue of fossil fishes in the 
British Museum. Mr. Woodward's name is already well known 
among paleontologists in America, as he visited this countrA' 
about two years ago, and remained for sevtM'al months. 

AGEOLoiiicAL Strvev FOR lowA has been provided for by a bill 
recently pa.sseti by the Stale Legislature. For the supiM)rt of the 
survey for the next biennal period the bill appropriates twenty 
thousand <h»llai*s. Tlie Geological Boanl will consist of the Gov- 
ern(H-, tin* Stati' .Vuditor. the Presi<lent of the I'niversitv. th«' 
Prrsident <»f the Agricuhural College, ami the ]*resitU»nt of th«' 
Iowa Acatlemv of Scienci'. 

A C'ul RSK OF rNlVFKSITV KXTENSIoN LecTIKES on \V*nh] 

Muhiiiij lias Ikhmi given at Davenport. l>e.s Moint^s and Iowa Cilv. 
by professors from the State Cniversity of Iowa. The siUM*t 
altiMiding these lectures »li(»ws that the Intelligent publir niav 
easily become deeply interested in ge(>logical problems. 
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THE DOUBLE MOUNTAIN SECTION. 

(Plate VIII.) 

By K. T. DuxBLi and W. P Cuxxins, Austin, Tex. 

In pursuance of the work of the survey, in making a section 
across the Permian strata of Texas, we left Abilene early in Octo- 
ber, 1889, and traveled north and a little east to the contact of 
the Carboniferous and Permian, on the Clear fork of the Brazos 
in Throckmorton county. From here we turned directly west 
crossing the Permian beds to the Double mountains, where we 
expected to find the contact between the underlying Permian and 
any Triassic or Jurassic beds which might occur, and the overly- 
ing Cretaceous. While we found no Jurassic, the section of these 
mountains is nevertheless of interest, since it is the most northern 
point in this northwestern portion of the state at which the beds 
of the Lower Cretaceous are exposed, and the most easterly ex- 
posure of the Trias which we have been able to recognize. 

The Double mountains are situated in the southwestern comer 
of Stonewall county between the Double Mountain fork and the 
Salt fork of the Brazos, just south of the thirty-third parallel of 
latitude, and in longitude 100° 25'. They consist in reality of 
three peaks or buttes, one of which, however, is so situated with 
reference to the other two as to be invisible on the approach from 
the southwest in consequence of which they have received their 
name. Two of ♦:he peaks present the usual butte structure so 
characteristic of the Cretaceous hills, when capped with the Ca- 
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prina limestone. The third, however, is a true peak in form, the 
hard limestone having been eroded from its top. Lower down 
the different beds of massive gypsum form benches around the 
side of the mountains and the clays which form their bases have 
been washed into innumerable canons which are often entirely 
impassable. 

Salt creek, a branch of the Double Mountain fork, is located 
al)out four miles east of the mountains. From this creek, which 
is the beginning of the ascent, to the summit of the highest {K^ak, 
is by barometric measurement eight hundred and forty-five feet, 
of which amount three hundred and twenty feet are passetl l>efore 
the ascent of the mountain proper begins, giving it an elevation 
of five hundred and twenty- five feet above its immediately sur- 
rounding country. 

Climbing the successive ledges of sand, gypsum, clay and 
limestone until the summit of the mountain was reache<l, we ob- 
tained a view embracing many miles of the country. It stretclie<i 
out before us gently undulating, open, without timber save here 
and there a scattering thicket of me.scpiite. The Salt fork to the 
north and the Double Mountain fork to the south wound their 
ways eastward toward their junction iis slender threads of yellow- 
ish red. Very few evidences of settlement were to be seen. On 
the fiats were many water-holes filled by the recent rains, and cat- 
tle could be seen scattered here and there in all directions. To 
the suuth, probably as much as twenty-five or thirty miles, a 
series of fiat topped hills were seen stretching along the horizon, 
while to the west, at a very considerable distance, there were 
three or four buttes of similar form to that on which we were 
standing, and which we took to be Mt. McKinzie and its neigh- 
bors. These were backed by the blue scarp of the Staked Plains. 
Kiowa peak, some thirty miles to the north, was invisible. 

(JENER.VL 8KCTI0N. 

Section of the eastern i)eak of Double mountain, beginning at the top: 
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1. Caprina limestone 40 fee'^ 

'f.< -{ 2. Comanche Peak series •^>5 *' 

3. Trinity ^o ^• 
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< J 3a. Dockum 35 " 
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y; I 4. Shaly clay, underlaid by red or terra cot t a 

< Buudrttoue 1 05 fof 

5 i 5. Upper Gypsum beds On • 

5 I 6. Middle Gypaum beds Tf) »• 

^ I 7. Lower Gypsum beds I'i) 



»• 



CRETACEOUS. 

1. Ciiprina Litiustonv. 
The Ciiprina limestone which caps the mountains has a total 
thickness of forty feet. It is deeply fissured in placets, and the 
rapid erosion of the softer underlying materials has scattered its 
debris down all sides of the mountain. In structure, it presents 
the usual characteristics of this limestone and on the surface often 
shows a ferruginous weathering of tJie C(ij)n'n(i .so common in 
western Texas. The rock in this locality contains many Hijtju'rt'ffs 
of large size, and the Oiprina forms found in it are varied and some 
of them heretofore unknown. They have, however, since been 
found in rocks of the same horizon, in an exposure on Hartoii 
creek near Austin, and also at other localiti(;s in Western Texas. 

^. Coni'tnche Peak Serifs. 
The rocks of the Comanche series are here separable apparently 
into three distinct divisions, the upper of which is a series of im- 
pure argillaceous limestones having an entire thickness of twenty 
feet, the top being much more shaly than tlie bottom. The fossils 
are very numerous and well preserved, but diligent search failed 
to show a single Gryphna pifclterl in it. The second division is 
somewhat similar in composition but more indurated and is of 
a vellow color. Some of the fossils in this bed had been altered 
into calcite. In it we found very ^ew specimens of Gri/f)Iura 
jn'teheri. The third division consists of a shaly limestone con- 
taining a great abundance of very small fossils overlying a marly 
limestone, which is in turn underlaid by the Grypha?a conglom- 
erate, which liere as elsewhere is almost a solid mass of individ- 
uals of this species. The fossils throughout are abundant and 
well preserved, and correspond in the main with those of typical 
sections farther east. 

3. Trinity Bt^ds. 
Immediately underlying the Grifphan conglomerate is a bt-d oT 
yellow sand al)out ten feet in thickness, which at the time of 
making the section wjis considered as the upi)er portion of the 
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Trinity sands. It differed, however, from the beds previously 
referred to this horizon in Texas, in the fossils which were found 
in it. These consisted of an oyster which differed from O. frank- 
Uni Coquand, and is now recognized as a new species, Pleurocera 
^tromhiformis Schloth, Exogyra texana Roemer, Gryph€ta pitch- 
^ri Mort. The association of these fossils in this way had not 
been reported previously, and in order to be certain of their ex- 
istence together in the same stratum we dug into the bed far 
enough to prove it absolutely. Since later investigations have 
shown the ** Alternating Beds" to be a part of the Trinity sands, 
and the fossiliferous part, and that at their thinning out on the 
northern border the fossils still continue for u limited distance in 
a calcareous band, this bed would seem to indicate a similar con- 
dition at this locality, and that it should be referred to the ** Al- 
ternating Beds'* of the Trinity division. Otherwise it would ap- 
pear to be a transition bed between the Trinity sands and the 
Comanche group. 

Underlying the yellow sand are twelve feet of purple and mot- 
tled sand which are very gypsiferous, and below them we find a 
l)ed of cross bedded indurated sands. A few bright colored peb- 
bles arc scattered through this bed and seem to be of somewhat 
larger quantity toward the base. In this bed are also found the 
botryoidal layers of sandstone so often observed in the same beds 
to the east. 

Sa. Triasnc. 

The basal crossbedded sands of tne Trinity rest with slight un- 
conformity upon a series of purple, red and mottled sands which 
pass at the bottom into a conglomerate of bright colored pebbles. 
The same bright colored pebbles are found scattered through the 
bed from bottom to top singly and in nests or even forming thin 
f^trata in places. Although in the original section it was referred 
to the Trinitv, the character of the material is now known to be 
identical with that described under the name of Dockum l^eds 
in the first annual report of this survey, and it is, therefore, 
referred to the Triassic, although we were unable to find fossils 
at the Double mountain localitv such as occur in the binls near 
i>o('kura. 

These bedn have a total thickness of thirtv-five feet. 

All of the (leix)sits included in the Triassic and Cretaceous have 
a <*lighi dip towards the southeost. 
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i. Permian. 

Underlying the conglomerate last mentioned but separated by a 
bold unconformity we find five feet of shaly clay dipping toward 
the northwest. It is underlaid bv a red or terra-cotta sandstone 
somewhat mixed with clay toward the top and bedded in layers 
which vary in thickness from one foot to an inch or less. There 
are one or two thin seams of impure limestone imbedded in the 
sand, but although most careful search was made for fossils none 
we»^ found. 

5. Gypsum Beds. 

The red, or terra-cotta, sandstone rests directly upon the upper 
gypsum beds which consist of an upper layer of gypsum under- 
laid by yellow and red sandy clays or shales which are much cross 
bedded. Gypsum also occurs throughout the clays. 

6. Middle Gypsum Beds. 

These consist also of an upper layer of massive gypsum more 
than ten feet in thickness, which is underlaid bv a series of red 
and blue gypsiferous clays and shales. 

7. Lower Gypsum, Beds. 

Ma.ssive and shaly gypsum varying in color from white to rose 
reil, underlaid by thin bedded sandy clays and shale with gypsum. 

There was some difference in dip noticed between the three Ixjds 
of gypsum. However, with the amount of detritus which occurs 
on the side of the mountains and the constant suberosion which is 
going on, such appearances cannot be taken as representing the 
true dip of the l)eds, which all dip probably to the northwest, 
except the Triassic and Cretaceous which dip distinctly to the 
southeast. 

No beds were found which could in anv wav be referred to the 
Jura.ssic and since the accumulation of evidence seems to be in 
favor of the retention of the Trinity in the Cretaceous system in 
spite of the Jurassic affinities of certain of its ostrean forms it 
would seem that deposits ref<»nvble to the Jura are entirely want- 
ing in Texas, at least east of the Pecos river. 
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PROF. I. C. WHITE'S "STRATIGRAPHY OF THE 
BITUMINOUS COAL FIELD OF PENNSYL- 
VANIA, OHIO AND WEST VIRGINIA." 

John J. Stevenson, New York. 

The geologists of the first geological survey of Pennsylvania 
labored under very serious disadvantages in the western part of 
the state; they had no barometers, not even good Locke's levels: 
much of the country was still wilderness; there were no railroad 
cuttings; even the cuttings made for the turnpikes had l>econie 
covered with del)ris or sod; coal shafts, except near Pittsburgh or 
some other large city were unknown; records of borings were 
:iudreanu'd of; where twenty coal pits are open now, there was 
])arolv one then. Rememberinj? these disadvantaj^es, we are not 
surprisoil by defects found in the work of the older geologists, 
but we are astonished at the wonderful skill with which the struct- 
ure wiis worked out and at the accuracv characterizint? most of 
the detailed examinations. But too often the distance botwt^n 
one g(jod section and the next was so great that identifications 
were sometimes made at hazard, so that a feeling of uncertainly 
prevailed respecting the true relations of ditferent parts of the 
Coal Measures column. 

For this reason, prior to the work of the second geological 
survey of Pennsylvania, great dilficulty was experienced in mak- 
ing comparisons of the Ohio, Pennsylvania and West Virginia 
sections: Newberrv made identifications of the lower coals of 
Ohio with the lower coals of Pennsvlvania; the writer did the same 
for the upper coals of those states and otfered some suggestions 
respecting tiie relations of the West Virginia beds to those of 
Pennsylvania. The groupings and identifications were quite as 
good as could be expected under the circumstances; for which 
reason, doubtless, they have been permitted to rest in the poai»e 
of oblivion U*x atiout twentv vears. But the excellence of the 
work tlone bv tiif* older )\*nnsvlvanui geologists as well as bv 
those of the Ohio survev was discovered when the 2d Pennsvl- 
vania survev undertook the correlation: for, after Prof. L C\ 

ft- 

White had completed the work along the state line and had cor- 
rectetl the tlefects in the work of those who had preceddl him. he 
found no ditliculty in utilizing the material gathered by his pre- 
decessors. Hiij memoir, latelv issued as a bulletin of the i'. S. 
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geological survey, is mereh* a more extended l)it of work like 
that done for the Ohio state line in Pennsylvania. 

This synopsis of the bituminous coal field is no mere com- 
pilation. Prof. Whites work began in 1875, when, as the writer's 
aide on the 2d Pennsylvania survey, he worked out the liighest 
rocks of the Appalachian area^ and secured the knowledge which 
has made him an authority on the serii's above the Pittsburgh 
coal bed; afterwards he unraveled the tangle along the state 
line; his ec'^»nomic investigations in later years compelled the 
underground tracing of the beds in oil-borings and the study of 
outcrop lines and cross sections in West Virginia far more in de- 
tail than could be reciuired under ordinary conditions. To utilize 
his material it was neces.sary to connect with the Ohio survey and to 
make use of its work. The compact statement before us presents 
the summary of facts obtained during fifteen years of h^ld work. 

The author's division of the Carboniferous into 

Upper, witli alternations of fresh and brackish water, 
Mi(i<ile, with alternation of marine and freshwater conditions, 
Lower, wholly marine. 

answers well for the greater portion of the Appalachian area and 
appears to answer, with rare exceptions, for the region under con- 
sideration, the only exception being in southwestern Pennsyl- 
vania, where marine fishes found their way far north at a late date; 
but this cannot be regarded as militating against the general con- 
ditions described by Prof. White. The memoir treats only of the 
Upper and the Middle Carboniferous, wnicii are divided into; — 

XVI. Permo-Carboniferona — Dunkard Cn»ek series. 
XV. I'pper Coal Measures — M(mon aliela Kiver series. 
XIV. Barren Measures— Klk Hiver series. 
XIII. Lower Coal Measures — Allegheny Kiver series. 
XII. Pottsville Conglomerate. 

The line between Middle and Upper is drawn almost midway 
in XIV, the Lower Barren Measures of the older geologists. The 
grouping is that presented by the Rogers brothers more than half 

* 

a century ago. 

A chapter is devoted to each series, in which Prof. White gives 
a resume of characteristics of the series as a whole, which is fol- 
lowed by vertical sections, so numerous and in such detail as to 
leave no room for doubt as to the accuracy of the identifications. 
The last portion of the chauter describes the more important mem- 
bers of the series. 
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The discusdion of the Perrao- Carboniferous is based chieflj oo 
studies made in Pennsylvania and West Virginia, the references 
to Ohio sufficing merely to show the extent of the area in that state. 
The remarka>)le flora in the roof shales and partings of the 
Waynesburgh coal bed in southwest Pennsylvania and the northern 
part of West Virginia is briefly described. It was determined by 
Fontaine and White, who showed its intimate relation to the Per- 
mian flora of Europe. The exact relation of this upper portion 
of the Appalachian column to the section west from the Cincin- 
nati axis has yet to be determined; and the problem is compli- 
cated in many ways. The writer is inclined to think that the 
Permo-Carboniferous beds of southwest Pennsvlvania are con- 
temporaneous with the upper part of the Upper Coal Measures 
within the Mississippi-Missouri region as well as with the Permian 
of Texas. Long after the appearance and after the practical dis- 
appearance of this flora within the Appalachian region, an incur- 
sion of the sea brought Khizodus from the outer ocean, so that 
scales of that flsh are abundant in the shales accompanying the 
Black ville limestone at 120 feet above the Waynesburgh coal l>ed. 
But this in no wise affects the cardinal point in the case: the pres- 
ence of the plants attests that a portion of the Upper Carboniferous 
in this area is contemporaneous with the Permian of Euroj)e, in 
so far as the testimony of plants can be taken in detail respecting 
a time when passage from the old into the newer had begun. So 
that now, there can be no doubt; that our American Carboniferous 
represents the whole of the age as known in Europe, though, ap- 
parently, no change occurred in the American ocean or seas such 
as to justify the separation of the Permian as a distinct division 
of e<iual imiK)rtance with our lower or upper Carboniferous. 

Prof. White's grouping of sections shows noteworthy variations 
in the southern limits of the principal beds of the Upper Coal 
Measures. The southern limit of the Pittsburgh and Waynes- 
burgh pmcticalh' forms a northward loop around the Volcano 
anticline, so well known as the line along which oil wells have 
Ix^en productive in West Virginia and Ohio for more than twenty- 
five years. The series is persistent here but the coals are want- 
ing. The s(»ctions of the Lower Coal Measures show a similar 
east antl west loc^p in the Upper Freeport extending from Law- 
rence county of Kentucky into Raleigh county of West Virginia. 

The Barren Measures receive careful treatment: the description 
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shows remarkable uniformity of the general conditions over a 
great area, for the total thickness varies little in the southern 
counties of Pennsylvania and for a long distance southward in 
West Virginia; while the more important beds are as persistent as 
similarly important beds in the Lower Coal Measures; at the same 
time the thickness of intervals and the character of the rocks 
filling them show changes more abrupt and more striking than can 
be observed in any other portion of the column. 

The details respecting the Lower Coal Measures and the Con- 
glomerate Measures are of the utmost interest ; some of the iden- 
tifications in West Virginia are startling, but there seems to be no 
ground whatever, for taking exception to their accuracy. Nearly 
all of the material respecting West Virginia is new. 

But it is impossible within the limits of a notice to give a 
synopsis of a memoir, which is itself synoptical, a series of pre- 
sentations rather than a series of discussions; so that those in- 
terested in the bituminous area must be referred to the memoir 
itself. Those who have much to do with economic work will find 
this a more than useful handbook to expedite their explorations; 
those who have made careful studies in detached portions of the 
area will feci grateful for the systematic joining of those portions, 
even though it be done at the sacrifice of some cherished conjec- 
tures. Prof. White's treatment of his colleagues in this field is 
sufficiently comforting; he has ignored our faults and has ob- 
served our virtues — more than ouce to the extent of labeling good 
work of his o.\'n with the name of another. 



NOTE ON THE DIFFERENCES BETWEEN ACER- 

VULARIA PROFUNDA HALL, AND ACERVU- 

LARIA DAVIDSONI EDWAHDS AND HAIME. 

By S. Calvin, Iowa City. 

The original description of Acrrcufarta pro/muia Hall is found 
in Hail's Report on the Geological Survey of Iowa, published in 
1858. The specimens on which the species was lounded came 
from near Independence in Buchanan county, Iowa. In the same 
report professor Hall, not without some hesitation, identifies an- 
other form found abundantly throughout the Devonian area in 
Iowa, with Actrcnlarin tfttiidsoni Kdwards and Haime. This, so 
far as I have been able to ascertain, was the first time the name 
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hfid been employed in a work published in America; for although 
Edwards and Ilaime's specimens came from near JelTersonville, 
Indiana, the description of Acercuhiria davidsoni appeared in the 
great monograph of the authors, published in France. 

It should be noted that near Jetfersonville, Indiana, there oc- 
curs anotlier form which authors, following the example of Ed- 
wards and Haime, usually refer to CynthophyUnia nnjosum Hall. 

The three species mentioned above, as recognized by every one 
who has handled them, are somewhat closely related. Dr. Rom- 
inger in (Jeology of Michigan. Vol. in, page 107, is disposed lo 
regard them all as but varieties of one species. The Anrrularin 
d(tvi(/s(nn\ as it occurs in Iowa is somewhat sharply define*! 
from either of the other two, while A. jymfuuda exhibits a very 
intimate correspondence as to structure with CyathophifUntn ni^o- 
siini from the fjdls of the Ohio. 

Comparing .1. jHn/un(h/ with A. (huidsoni we may note that it 
ditfers in the appearance and mode of growth of the corallum, in 
the greater tendency to independent grow h of corallites, in the 
size of the corallites, the shape of the calyx, the thicker, non- 
corrugated wall bv which the individual corallites are l>oundeil, 
the almost entire absence of an inner pseudo-wall defining a cen- 
tral area, and the thinner septa with more numerous and more 
conspicuously developed carime. 

The A. pnt/muhf is a much coarser looking species than .4. 
(fftn'tlsnni. Its lower surface is never as smooth and Hat as is 
that of most coralla of the other species from Iowa. This sur- 
face is traversed radiallv bv the outer corallites which stand out 
as stronjjj transverselv wrinkled ridges, sometimes almost entirelv 
free from union with contiguous corallites. All the conillites 
sliow a remarkal)le tendency to independent growth, so that in 
some specimens a large proj>ortion of the whole numln^r of cor- 
allites stand apart on the upper surface of the corallum from those 
adjacent and are in<livi(hiallv covered externallv with an intle- 

V / 4 ft 

pendent epitheca. In certain modes of preservation the corallites 
are even separable into wrinkled, polygonal prisms that exactly 
imitate a very common condition in (^yntJuipln/Uum ru(;nxnm. 

In the region from which Hall's type comes, the corallites of 
A. prn/umia are Oil the average somewhat larger than those of .4. 
davidsoni. It is true that the corallites of l>oth species vary with- 
in very widi* limits, an I it is therofori (|uite possible tliat the 
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superiority in size of .4. prufmnUi may not be maintained in all 
localities. In the Paleontology of Ohio, Vol. ii, page 240, Dr. 
Nicholson describes a form under the name of Acervnlurin pro- 
fnuil<i Hall, that i.^ distinguished among other things by having 
the corallites smaller than in .4. ihniilsnn!. 

Tlie shape of the calyx is markedly ditferent in average speci- 
mens of the two species. In .4. pntjunthi the calyces are sepa- 
rated by relatively thin partitions owing to the manner in which 
the sides of the cup slope abruptly downward and inward from 
the margin; the s<»pt;i are thin and have conspicuous, crowded 
cariniv which are as fully developed near the margin of the calyx 
as around the central area, particulars in respect to which they 
are in markeci contrast with the septa of .1. thnulmnu. The 
sei>ta <litrer still further from those of .1. </ar/(/xo/M* in having more 
of their edges free and in having their odges beautifully dentic- 
ulated. There is but little thickening of the septa to form a 
pseutlo-wall around the central area; indeed this feature is, in a 
very large proiK)rtion of cases, wholly wanting. The secondary 
septa are nearly as long as the primaries and often become coa- 
lesced with the primaries inside the central area. 

Avtrnihirhi (hividsoni Ed. and II., has a much wider geo- 
graphical range in Iowa than .4. prnfniuhi Hall. The area in 
which A. prnfmnhi occurs is nearly all included in parts of Buch- 
anan an<l Blackhawk counties, while the area over which the 
other species is distributed is many times greater. As pointed out 
in the (iEouxHST for September, I SlU,.!. pm/nuihi is not associated 
in the same beds with .4. dtivuL^niiL but occurs uniformlv at a hori- 
zon a few feet lower. Outside the area occupied by .4. pnt/utuhi its 
place seems to have been taken by IVtifh'jtst*gt tea gi(/ns Owen. At 
least this la.st species, while never very common, occupies the same 
relative position a few feet below the horizon at which .4. <hivit1- 
snni is found, and so far as known it is not present in the region 
in which .4. pm/undd attains its maximum development. 

With respect to the particulars in which .1. pro/umhi ditfers 
from A. ihiriihoni it agrees essentially in structure with (^ipitho- 
phi/fium ruijaaum of authors, and it may therefore be regarded as 
the western representative of the last named species. If cari- 
nated septa have any generic significance, then (^ipithnphyUam 
rugttsuiu is cf*rtainly not a (^ijnthnphyUam at all. Whatever ma}' 
be the significance of the carimt and other peculiarities of struct- 
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ure, C. rugosum and A. profunda must ultimately stand side by 
side in the same genus. 

Acervularia davidsoni stands somewhat apart from both of the 
foregoing species in a number of particulars. The calyces have 
a sharply defined central pit with explanate margins. In typical 
specimens the floor of the calyx, except in the central pit, is 
almost on a level with the margin; the septa are thick, scarcely 
denticulated, with but a small portion of their edges free; the 
carinie are few and clumsy and chiefl} developed in the region 
immediately surrounding the central area. Around the edgo of 
the central area both primary and secondary septa are conspiea- 
ously thickened, the carinse are also developed there better'than 
elsewhere, the effect being to produce in polished sections the ap- 
pearance of a bi-areal coral with a central area bounded by a defi- 
nite inner wall. Under the magnifier this wall is never complete. 
The thickened septa and strongly developed carime never quite 
coalesce, so that the outer area is never, as in true bi-areal corals, 
perfectly shut off from the central space. At the margin of this 
central space the secondary septa all end more or less abruptly, 
and only the primary septa are continued as thin non-carinated 
lamellaj into the central area. 

Actrciddi'ia davidsoni is certainly con-generic with some of the 
species referred to Acervularia by Edwards and Haime and other 
authors. Whether or not it is generically related to the type 
species of the genus may be left an open question. So long as 
genera are mere artificial creations, without sharply defineii nat- 
ural boundaries separating one from another, it will do no violence 
to facts, but will be a mattei of convenience and at the same time 
give effect to a recognizable structural difference, if we keep ^4. 
davidHoui apart from t\'pical forms of the genus Cyathophylhim^^ 
and for the present at least retain it in the genus Acrrmfnna. 
Along with A. davidsoni must go Acervularia inequalis Hall and 
Whitfield. Simply as a matter of convenience, but with less con- 
fidence as to the justness of the ar»'angement, we may add to the 
recognized species of Art rvularia the ^-1. profunda Hall, and the 
CiiathnpJuflhini ruf/ttsum Hall, as recognized by so many authors. 
The last two may vet, with perfect justice, be separated generic- 

allv from .1. davidsoni. 

*l)r. .J<)ininm»r rtiui .\\r. W. J. D.ivis pliice tui:* and related sp rieg un- 
(\^r tie ijeiiiis (Ji//ithopni/Uum. See Geitlorjy nf Michigan^ \o\. Ill, and 
Kentucky Fount' L'onih. 
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THr KAWISHIWIN AGCLOMEKATE AT ELY, MINN. 

N. n. WiNCHXLL, Minneapolis. 

It Das beeu stated that the gneisses and schists of the Archaean, 
in Minnesota, terminate upwardly by a great non-conformity with 
the overlying Taconic. It has also been shown that the upper- 
most member of the Archaean is the Keewatin, a series of schists, 
g^ywackes and variously reconstructed gneissic rocks. It has 
been shown, further, that the youngest member of the Keewatin 
is the pronounced < ^greenstone'* stAge, in which occur the iron 
ores of the Vermilion iron range in Minnesota. This phase of 
the Keewatin has been designated specially Kawishiwin from the 
Kawishiwi river, on whose upper courses these rocks are exposed 
in favorable position for study. It has also beeu shown that 
these rocks have been subjected to great pi-essure, upheaval, 
shearing and fracture, resulting in very tortuous structures and 
complication of physical features. 

It has been a subject of much study and no little variety of 
opinion, as to the origin of these greenstones, — are they plutonic 
rocks that have been subjected to ^'dynamic metamorphism'' and 
thus caused to show the semi* decayed con<iitious that mark their 
mineral constituents, or are they sediments consolidated or 
* ^metamorphosed" so as to have lost their original structures and 
composition? Or, again, are they the result of a **crenitic" pro- 
cess, as suggested by the late T. Sterry Hunt, by which they are 
the reliquiae of mineral waters circulating through the crust of the 
earth, left at the surface on evaporation? Or are they the rem- 
nants of the primary basic doleritic crust of the earth, produced 
by the solidification of the primeval molten mass? 

Thev are not the remnants of the first cooled doleritic crust be- 
cause they are younger than all the other stratigraphic parts of the 
Archaean. They are separated by many thousands of feet of strata 
from the basal gneisses which are called distinctively Laurentian. 

They arc not **crenitic" rocks, if the acid basal gneisses are 
crenitic, for they contain in predominating amounts those very 
elements which are first and easiest dissolved by heated waters, 
and which could not be left as reliquiae on evaporation — and also 
because in order to form fhete an*1 the acid husal yntUses there 
would have to be a reversal of the respective solubilities of the acidic 
and the basic minerals concerned, between the date of the forma- 
tion of the gneisses and the date of the greenstones, which is 
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hardly supposable in the light of the couetaucy of chemical 
affinities. 

We are driven back therefore to the same long-con testeil field 
for which the neptunists and tht^ plutonists have oontendetl sinw 
the days of Werner. 

In recent years a new phase has been put on this controversy. 
Like some other long-disputed questions it appears that it is likely 
that there is truth on both sides, and that complete hannony 
may be effected, perhaps, by a little compromising acknowletlge- 
msnt of wron<jj bv both of the aiversaiies — or at least bv the 
acknowledgment of right in each. There has grown up a moro 
perfect knowledge of the nature of rocks since the raicrosc<)|>e 
has been introduced into litholojjv. Various ditferentiatinir 
characteristics have been established by which an unquestic»ne<l 
classification can be predicated, thus determining the origins of 
some rocks which before had been problematic. At the same 
time more careful field-work has been conducted in thecrvstalline 
rocks. Their major field-structures have first been correctly dt*- 
lineat(?d. On this as a basis the microscope has laid out its 
minuter subdivisions, in a muinier somewhat like ihe minuter 
classifications established by the paleontologist. The field -.struct- 
ures must be determined first, for it is not possible for either 
microscopy in the crystalline rocks or paleontology in the later 
rocks to take independent initial cognizance of this. Their data 
are of subordinate importance, and are of value only as they can *»e 
grounded on foreknowledge of the actual structural featun*s. 
Whether theOlenellus fauna preceded or followed the Paradoxidi*s 
fauna in America could not be decided till a field examination was 
made in Newfoundland. The strata there revealed the Olenellus 
fauna anterior to the Paradoxides fauna, thus in effect reversing the 
conclusions which had been reached through pal(X)ntological rea- 
soning alone. In the same way the fact that a rock is eruptive is 
obtained in the first instance bv field evidence — never bv micn>- 
scopic examination. Once the microscopic characters of a known 
eruptive rock i)eiug ascertained, those characters are good for the 
indication of a j)roblematical eruptive rock au fnr tm (hnsv hmum 
v/ifd'tirtrrs f.rtunf, but uo further. If the known characters fail, 
and esj)ecially if adverse characters are brought to light, it is the 
part of caution, as well as of wisdom, to withhold a decision as 
to the origin of such a rock until new light can i)e reached. 
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The Kawishiwin greenstones most perfectly illustrate these 
principles, for there can be no question but that they are the 
northern representatives of the greenstones, or green schists, of 
the southern side of lake Superior, and of more eastern localities. 
The greenstones are a well known great series of Arcntean rocks, 
and they have been studied by many eminent geologists, ooth in 
America and in Europe. Their stratigraphic iK)sition in the 
Archaean has been made out. with substantial concord, in several 
European countries and in various parts of America. Geologists 
have divided, however, on the question of their origin, as already 
intimated, and at the present day the lines lie substantially where 
they did one hundred years ago — between the plutonists and the 
neptunists — but the disagreement in general has been reduced to 
a much smaller limit, and involves fewer varieties of rock than 
one hundred years ago. Then basic dikes, for instance, were 
claimed by both parties, but now are given up to the plutonists. 
Then all the granitic, or crystalline rocks, including the bedded 
schists, were claimed by both, but now the bedded crystalline 
schists are given up to the neptunist. Then all crystallne iron 
ores were claimed by both, now they are divided between them. 
As the field has narrowed the contest has deepened, not in the 
personal animosities and epithets that marked the early disput- 
ants, but in the acumen and watchfulness and the industry of the 
parties engaged. According to structural evidence the neptunist 
asserts that the greenstones cannot be relinquished from his own- 
ership, but he has to admit that his claim loses some of its valid- 
itv when his evidence fades out and some new adverse claims con- 
front him. He sees the stratification which has been his guide 
in ten thousand instances, lose some of its marked characteristics, 
and finally disappear or show itself faint Iv under some dis- 
guises, and so long as his known characteristics of neptunic rocks 
are not legible in these he has not a clear title, and he has to ad- 
mit it. On the other hand the plutonist, microscope in hand, de- 
clares that the mineral composition is such that the constituent 
grains must have come from eruption, and could not be the result 
of ordinarv erosion and sedimentation. This cl^iim is based on a 
familiarity with the elements of known eruptive rocks from other 
localities, and it cannot be safely disputed. But the student of 
the physical structure returns to the argument by pointing to the 
remnants of stratification, and to the occasional occurrence of 
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* 
rounded grains of quartz. The microscopist makes his rejoinder 

that these remnants of stratification are illusive, due to dynamic 
metamorphism, and the quartz grains are of secondary origin. 
He further cites, as evidence of dynamic agencies in the origina- 
tion of those structures, the semi-decayed and broken condition 
of the other minerals. There are curious fractures in some of the 
mineral grains. They appear to be < "^streamed" out in the direc- 
tion of the schistosity. The feldspars are saussuritized, the horn, 
blendes are chloritized, the augites are converted by a well known 
alteration to hornblendes, the micas are hydrated and the men- 
aecanite is changed to leucoxene. A dynamic metamorphism has 
produced a degradational change throughout the whole rock. 
This indicates that while the materials had originally unqoestioo- 
ably an eruptive origin, as denoted by their identity with other 
changed known eruptive minerals, they have been subjected to 
some grand force or forces of pressure and shearing, which Lave 
wrought a profound alteration in them, bringing them a step, or 
a long march, toward decay and disintegration. The microscop- 
ist admits that his well-known and infallible guides are wanting. 
He sees nothing, or very little, of the ^^diabasic structure,*' and 
the freshly crystalline interlocking of the constituent grains which 
characterizes an unquestioned eruptive rock, is almost entirely 
wanting. His title therefore, as it is not based on characters 
which known plutonic rocks possess, but on others which he as- 
sumes to be due to another and a later cause, is defective, and he 
has to admit it. If the features which the interior of the rock 
exhibits can be ascribed to neptunio forces, as claimed by his 
opponent, the case is still a drawn game, unless there are inherent 
faults in the reasoning of one or the other — such that they can 
be iK>inted out and demonstrated. 

The purpose of the foregoing is to introduce a peculiar feature 
seen by the writer at Ely, on the Vermilion iron range, in Min- 
nesota. The country rock here is the characteristic greenstone of 
the region, massive, shapeless, rather light-colored, embracing 
scattered grains of free quartz so as to present sometimes a rough 
and harsh exterior on weathering, and having a gradual transition 
northward across the formation, first into a green schist, then into 
gravwacke and lastly into a sericitic schist. With this transition 
there is developed a sedimentary structure which in its final con- 
dition is undeniable, the schist element l>ecoming interbedded 
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with regular siliceous Ia3'er8 which fade out and increase across 
the l)edding in the manner of sedimentary alternations in an}' 
paleozoic rock. In the midst of this prevalent greenstone appears 
a spottedness, revealing included rounded masses of rock quite 
like the greenstone itself in general aspect, some of the rounded 
masses being from 6 to 10 or 15 inches in diameter. They are 
densely packed together, but make up the mass of the rock. Such 
characters have been seen in many places in northern Minnesota, 
and are particularly developed in the Ogishke conglomerate ; which 
really runs many miles in this formation, and can 1>e traced from 
Ogishke Muncie lake to and beyond Tower. It is in the midst 




of this greenstone agglomerate that the jasperoid iron ores occur 
throughout the Vermilion range. This agglomerate passes by 
easy transitions into real conglomerates, but in that case the peb- 
bles are smaller, and are also sometimes much mon* siliceous. 

At a small railroad cut within the town limits of Elv, a few 
rods west of the Chandler mine, these rounded masses are con- 
spicuously displayed, by reason of the dome-shaped form of the 
exposed rock, and the uniform glaciation which has left the sur- 
face planed otT, revealing distinctly the forms of the lx)ulders or 
bombs. This cutting was seen soon after the construction of the 
railroad, and has Injen inspected several times since. On one oc- 
casion a drawing was made which is reproiluced alx)ve. This 
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shows the upper surface of the natural rock as it api>ears after 
the glacial planing, and includes a surface about five feet long. 

The rounded forms are encased in a darker green and evidently 
somewhat chloritic, fine-grained schist, which winds about among 
the rounded masses, its fibrous structure coinciding in direction 
with the surfaces with which it is in contact. This green schist 
cannot be distinguished from that which is common at all of the 
mines of the region and which ordinarily constitutes the countn* 
rock about the Tower mines. It is presumable that there are 
places in this agglomerate where this green schist is lacking, and 
the rounded masses are in absolute contact, but the drawing, 
rather hastily made, was designed to bring out the appearance of 
the pipe-shaped, calcite- filled, amygdaloidal structure, and this 
point was neglected. The rounded bodies here represented are 
not evidently of igneous rock, but rather approximate that indef- 
inite greenish rock styled porodyte by Dr. M. E. Wadsworth. 
They contain no evident free quartz,* neither do they contain 
per 86 anything else that is evidei^t. They are referable to a con- 
solidated pulp made up of comminuted grains of eruptive rooks 
but having evidently a greater per centum of silica than ordinar}' 
basic eruptives. A few fine pyrite cubes are discoverable, and 
on l>eing powdered the rock has a quick, slight effervescence with 
hydrochloric acid. The stones have a pale, dun-green color, are 
very fine-grained, and might, with a broadened significance to 
that term, be called felsyte. They lack evidently the orthoclastic 
element which is essential to true felsyte. 

The most remarkable character of this singular rock is yet to 
Ik? described, viz: AlK)ut all the peripheries of these rounded 
masses of porodyte are tubes, standing perpendicular to their 
surfaces and separated, on an average, al)out one-([uarter of an 
inch from their neighlx>rs. These tubes, which are normally 
filled with calcite, are sometimes more than an inch in length, but 
most frcKjuently are less than an inch. They stand perpendicular 
to the IxMinding outer surfaces of the rounded masses. They do 
not enter at all, or but slightly, into the darker green schist which 
is wrapped alx)ut the masses. They arc approximately circular 
or pipe-likt*, and their diameter is alxjut two millimetres. Some 
of them, liowever, are a little zigzag, and roughened in their inner 

*In one ioBtance a siliceous pebble, al)out one-eighth of an inch in 
diameter, is seen embedded in this porodyte, in specimen No. 1624. 
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surfaces. This is revealed by fractures across them after the caleite 
has weathered out, which is the case in many instances. While these 
tubes are generally simple, and approximately round in section they 
are not always so, but they flatten out for a short space and return 
again to the pipe-stem shape, and sometimes they branch, or coalesce, 
and so far as observed they branch like a plant upwardl}*, or out- 
wardly, i. e. toward the exterior surfaces of the rounded masses. 

Caleite is also common in the green envelope which surrounds 
these masses, but it is arranged in flattened, thin, lenticular 
sheets conformable with the fibrous stnicture of the schist, and 
hence in general position it is perpendicular to the position of the 
tubes. Associated with it, in the green schist, is a noticeable 
amount of bright pyrite in fine cubes. 

In the interiors of the rounded masses also can be seen irregu- 
lar deposits of caleite. All this caleite is coarsely crystalline 
and firm, with hardness rather above the normal. 

The interest which attaches to this rock centers in these tubular 
passages that converge from the outer surfaces of the rounded 
masses, and penetrate the latter to the depth of an inch, more or 
less. There is no exception ; they are all marked with the same 
structure. The rounded masses are undistinguishable as rocks, 
from the rock about El}'. It has been supposed that such accum- 
ulations were agglomeratic, i. e. , that the rounded masses were of 
the nature of lx)mbs thrown from volcanic vents, falling in an ad- 
jacent or surrounding ocean. It has been supjwsed tliat the light 
green country rock, in the midst of which this structure appears, 
is the result of oceanic solution and levigation on volcanic eject- 
amenta. Such ash and cinder when brought into contact with 
hot, or tepid, or even with cold, oceanic waters would easil}' be 
reduced to a non-differentiated pulp, from which some of the alka- 
line ingredients, being more soluble, would be removed, leaving 
the residue somewhat more siliceous. Upon consolidation a rock 
something like the greenstone seen at Ely might result. 

On the other hand, as already stated, it is claimed by micro- 
scopists who have inspected such greenstones, that they are ' 'al- 
tered eruptives," and that dynamic metamorphism has l)een the 
process that has effected their reduction to this condition. 

It seems, however, that these peripheral tubes show that these 
rounded masses were suddenly immersed in an element which 
differe<l in temperature and pressure from that to which they had 
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been accustomed. The}' show that this rock was not a congealed 
plutonic mass, for such a mass could uot acquire an amygdaloidal 
structure, except when it becomes volcanic. It is only when 
there is a suddeu release of surrounding pressure that the coo- 
fined gases of igneous rocks 'gain relief from their confinement, 
or that some of the confined substances manifest their volatility, 
forming scoriae and amygdaloids. Was the element into which 
these were ejected, and which caused the rapid escape of gases, 
and then their rapid solidification, simply atmospheric air or wai 
it oceanic water? If it had been atmospheric air then the sur- 
rounding rock, viz., the whole of the greenstone of the region was 
also ejected simply into atmospheric air and solidified under sim- 
ply atmospheric conditions. Not having been since submerged, 
at least not having been since rewrought, it would have in that 
case to show not only many evidences of perfect igneous or 
*'diabasic" structure, but it would have to exhibit about the same 
variations — barring the effect of greater time — as to stratification, 
texture, composition, etc. , as can be seen in volcanic rocks of 
recent or Tertiarv time. It could hardlv shade off into the evi- 
dently sedimentary rock, having ver}' nearly the same aggregate 
composition, seen but a short distance further north along the 
shore of Long lake, and it could hardly constitute a belt from 5 
to 1 or 1 5 miles in width, lying always in the same stratigraphic 
})osition in the Archwan, and running, in accord with the strike of 
the rest of the Arcluean, as well as substantiallv with that of the 
Taconic (which admittedly are governed by continental increments 
as the oceanic areas receded) for a distance of one hundnnl and 
fifty miles. 

If on the other hand these bombs, torn from some j>ortion of 
the already hardened super-crust by the loosening action of vol- 
canoes, were hurled first into the air and fell into the ocean, all 
the structural, as well lus all the microscopic characters which 
have been mentioned, might have been the result. The forma- 
tion in which they are found would be amenable, as it is, to the 
gtH^»^raj)hi(' di.stribution and .stratigraphic iK)»ition which all oceanic 
formations are found to j>ossess. They would have been buried 
alouir with other finer volcanic ash and cinder in the waters of a 
hot or tepid (K'ean. Such waters would rapidly destroy the 
characters of the usual minerals found in volcanic ejections. 
There would result secondary minerals, such as chlorite, sericite. 
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saussurite, leucoxene, serpentine, hornblende, etc., and these 
would, in some places be consolidated into rock which would 
possess many of the characters of an altered igneous rock, but 
would manifest more or less evidently the stamp of the ocean. 
There would be occasional foreign ingredients, particularly rounded 
quartz grains, and there would be in many places a fine intermix- 
ture of chemically precipitated silica, or perhaps of ^chemically 
precipitated oxide of iron, the last two uniting to form the well 
known jasperoid hematites. Again there would have to be many 
places, as there are, where the resultant rock would be very fine- 
grained, the ejecta having been totally disintegrated and reilueed 
to a pulp or volcanic mud. When this accumulation was rapid there 
could be but little opiK)rtunity for the formation of characteristic 
sedimentary structures, but when it was slow the most evident sed- 
imentary banding would result. There would be many places where 
the non-stratified would gradually aci^uire a stratified structure. 

If we attempt therefore to effect such a compromise between 
the opix>sing disputants as the facts seem to warrant, we have to 
allow that the stratigraphist has a show of reason in insisting that 
oceanic structures permeate these greenstones, although the sedi- 
mentary banding is sometimes wholly wanting over large areas. 
We also have to allow that the nature, in general, of the minerals 
contained in these rocks is such as onh' igneous agencies can ex- 
plain. In other words we must grant the chief contention of 
each party. The source of the rocks was igneous, but their 
structure is aqueous. 

The recognition of this joint agency of oceanic water and 
igneous action in the production of these ambiguous rocks relieves 
the physical geologist of some rather severe strains of imagina- 
tion as well as of dynamic laws to which, without such recogni- 
tion he is compelled to resort. For instance, he has not to con- 
jure up some hypotlietical force through which he can explain, if 
he adhere to their sedimentary origin, the conversion of these 
**9ediments" into a rock (juite unlike ordinary sediments, and the 
absence of the usual structural characters. He has not toa.ssume 
if he adhere to their igneous origin a semi-metamorphoscMl condi- 
tion or any chemical change capable of converting a vast thick- 
ness of rock, situated at great depths in the crust, from a siliceous 
to a semi-basic character, nor vUr rersa. It has lx?en gravely 
asserteii bv some extreme advocates of "alteration " that the 



368 The American Geologist, June, iws 

rocks of the crust may undergo and have actually experienced, 
such profound changes in average chemical composition that their 
original minerals may be entirely lost. Sometimes there is hy- 
pothecated a *'silicification," and sometimes a desilieation. The 
most basic rocks have been viewed, in some of these critical 
epochs of mythical metamorphism, as converted, by a substitu- 
tion of **secondary silica" for the typical minerals of the supposed 
original basic eruptive rock, to a quartzyte, or to a quartz diorj'te. 
Oabbros have been imagined converted to quartz 83'enites, and 
the details of the process of such transition Juive been {ngenioH$ltf 
imagined and illustrated. Quartz, the most insoluble of the rock- 
making minerals, has been supix>sed to have been conveyed into the 
minutest interstices of these rocks to the depth of hundreds or 
thousands of feet, there taking the places of some of the original 
minerals which, by a reverse but no more mythical chemical 
transformation, were removed by the same waters, or at least by the 
same process. Again the geologist has not to resort to ''dj'namic 
metamorphism'' by which to account for the shattered and partly 
disintegrated or degraded condition of the minerals of the green- 
stones. It is at best onl}' a misuse of the term metamorphism to 
apply it to such a change, and it may be considered questionable 
whether the cause which dynamic metamorphism invokes would 
not produce a directly opposite effect. It is usually supposed that 
pressure and crushing and shearing develop heat, and thus tend 
toward the building up of the crystalline outlines and the 
.strengthening of the chemical bonds, in the minerals affected- It 
appears to some geologists not only a misnomer, but a mistaken 
apprehension of the effect of dynamic forces to attribute such 
features to pressure and shearing and plication, and to call it 
•'metamorphism." Such outre hypotheses can be shaken off the 
mantle of the speculative physical geologist, if he allow the building 
«[) of these rocks, as alx)ve suggested, through the cooi>erating, 
simultaneous action of oceanic waters and volcanic eruption. 



A NEW SPECIES OF LARIX FROM THE INTER- 
GLACIAL OF MANITOBA. 

By D. \\ Peniiallow, F. R. S. ( ., F. K. M. S., McCiiU University, Montreal. 

Two Specimens of fossil wood were recently received from 
Manitoba, the one from Mr. G. Klliott, of Guelph, Ontario, the 
other from Mr. J. B. Tyrrell, of the Gwlogical Survey. The first 
was admiral)ly [)reserved, and upon VK)iIing with carbonate of 
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soda was readily cut by a microtome. The structure was found 
to be almost wholly intact and the effects of compression slight, 
so that there was no difficulty in determining its characteristics. 
The second was more fully impregnated with silica, so that some- 
what prolonged treatment with carbonate of soda was necessary. 
Even then, there were localized siliceous lx>dies which offered 
some obstruction to the action of the knife. The structure was 
found to be fairly well preserved, and there was little change re- 
sulting from compression and distortion. The most marked gen- 
eral change in this, as in the first, was in the very strong develop- 
ment of striation on the cell walls. Little difficulty was ex- 
perienced in determining the various structural characteristics, 
though there were numerous localized areas of decay and siliceous 
deposit where the structure • had pretty completely disappeared. 
This was notably the case in the medullary rays, which, upon ex- 
posure in tangential section often showed complete obliteration of 
structure, indicating that the progress of alteration first proceeded 
along the course of these structures, while it was also noticed 
that fungus h3'pha; penetrated first into the tracheids, following 
the course of their longitudinal or major axes, thence spreading 
laterally through the bordered pits. 

The specimen received from Mr. Elliott was obtained by Mr. 
R. Brown when digging a well in Section 23, Township 3, Range 
11, Manitoba. He recovered it from a depth of twenty -eight feet. 
In a letter from Mr. Elliott, he informs me that the surface soil 
was of about the usual depth of three feet of black, vegetable 
mould, beneath which, light blue lacustrine clay extendeil to 
where the wood was found. From data kindly supplied b}' Mr. 
Tyrrell the locality appears to be alx>ut three miles northeast of 
Pilot Mound, about seventy miles west of the Red river, and 
seventeen miles from the international lK)undar3' line. It is at an 
elevation of aljout 1,550 feet alx)ve sea level, and from 600-800 
feet above the general level of the Red River valley on the Pem- 
bina mountains or second prairie steppe. The formation in that 
vicinity is level and apparently alluvial. As, from the informa- 
tion at hand, it seems likely that the boulder clays were not 
reached, the formation is probably to be regarded as post-glacial. 

The specimen sent by Mr. Tyrrell was obtained from a well at 
Churchbridge, on the line of the Manitoba and Northwestern rail- 
way at a depth of two hundred feet. From the information so 
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far obtained, Mr. Tyrrell is inclined to regard the horizon as 
probably interglacial, to which it will be referred for the present. 
Mr. Tyrrell further expresses the opinion that the post-glacial de- 
posits of Township 3, near Pilot Mound, may be the interglacial 
deposits of Churchbridge farther north, the glacier in its latest 
advance not having reached to the former place. 

Microscopical examination shows that the two specimens are 
identical. They are, therefore, referred to the same species. 
Comparison with existing species of Larix show that it possesses 
characters approaching both L. occidentaJis and L. am^rirnna, 
while in other respects it is quite distinct from both. It appears 
to be about midway between the two. It has, therefore, seemed 
expedient to distinguish it by a separate specific name, for which, 
as indicating the principal localit}', I would projiose L, rhurrh- 
hridgcnsis. 

In the following description I have adopted certain standards 
which will also he employed in future descriptions by me. They 
are as follows: 

The size of cells is the whole width from one primary cell wall to 
its opiKJsite. The thickness of a wall is the distance from the 
center of the primary cell wall to the cell cavity, or one-half the 
total thickness. The pits of the medullary ray as exiK)se<l in 
radial section, are determined for the area of each wood cell — 
autumn or spring — covered by the medullar}' ray cell. The 
hight of the large medullary rays in tangential section, is ascer- 
tained by counting from each end towards the center, until the 
first pair of cells is reached. All others are included in the 
central group. The rays are described as unef^ual when the ex- 
tension on one side of the central group is longer or shorter than 
on the other side. The thickness of the walls in medullarv nivs, 
is the whole width. The upper, lower and side walls of a metiul- 
lary ray are those which would occupy the same relative (K>sitions. 
assuming the specimen to be placed vertically and the observer to 
lcM)k ra<liiilly outward or inward. 

Larix churchbridgensis, n. sp. 

Transvt rat . (Jrowth rings narrow. No very obvious <lemarea- 
tion between the spring and autumn woods, transition gradual, 
the spring wood at least e(iual to or twice the autumn woo^l. 
Wood cells dis|)osed in radial rows. The autumn cells 14.4x24 



Gold in Placers. — Wood, 371 

/i broad, the walls 3. 6 /x thick. Spring cells 24 ;* square, the walls 
2.4 /i thick. 

Resin passages prominent, chiefly in the middle of the autumn 
wood, 21 II to 100 /i broad; interior cells often conspicuous. 

Radial. Medullary rays. Cells equal in length to three or 
more wood cells. Terminations square or very obtuse; septa 
with simple or bordered pits. Upper and lower walls strongly 
pitted — pits simple. Side walls with broadly oval pits, in the 
autumn wood 1-4 for each wood cell, in the spring wood 2-5 for 
each wood cell. Cells 19.2 /i broad, walls 4.8 /x thick. 

Bordered pits. In autumn wood cells, obscure, remote. Outer 
ring 12 /i, inner ring 3.6 /i broad. In the spring cells, con- 
tiguous and somewhat flattened, or remote, distant 4. 8 /z to 24 
in. in one row. Outer ring 12 in. to 16.8 in., inner ring 3.6 in. 
to 4.8 fL broad. 

Terminations of the tracheids obtuse or acute. 

Tangential. Medullary rays. Large rays upwards of twenty - 
four cells high plus the central group. Few, chiefly equal, rarely 
and slightly unec^ual. The small rays one cell broad, 1 to 13 cells 
high. Markings on the tangential walls of tracheids, none. 
Terminations of the trachieda acuminate, strongly overlapping. 



GOLD IN PLACERS. 

Hbkbert R. Wood, Mi»Boala, Mont. 

Gold may occur in placers in different ways, and these placers 
may \ye of very different character. 

1. Along creek beds and in bars and banks of rivers; the 
gold usually in such a case having l)een carried a long distance. 

2. In sloping banks and Ijeds along the bases and flanks of 
mountains usually not far removed from the source of the gold. 

3. In bars or plateau -like beds extending far out into valleys, 
frequently terminating abruptly in a clitf-Iike fashion but having 
their sources in the mountain ranges. 

4. In mountain ranges placer beds occur, caused by the de- 
composition of veins, and the placer bods occurring on or near 
the side of these veins. 

5. Along the flanks and at the mouths of gulches, placer beds 
frequently occur, having been washed down and dej)osited through 
the same denuding forces which formed the gulch. 
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Note* 1 — In case of No. 1, rivers frequently cut gold bearing 
veins in their courses. This seems to be the only plausible ex- 
planation of the occurrence of gold beds on Snake river, Idaho; 
these beds in which the gold is found on the surface are far re- 
moved (in some cases, forty or fifty miles) from their sources. 

No. 3. — These gravels have been no doubt rearranged by action 
of water, presumably by a lake. 

No. 4. — The vein, owing to decomposition and disintegration 
may be converted into soil or quartz pebbles to considerable depth, 
the (quartz pebbles frequently containing native gold, showing a 
slight attrition. 

The method of arrangement of gold in placers, depends on 
various conditions which can hardly be considered sufficient basis 
for classification. Thus its comparative depth in the gravels, its 
tolerably uniform dissemination, or local occurrence, its physical 
characters, etc., depend on such forces as gravitation, distance 
from source, denuding forces, time of denudation and deposition; 
and these different methods of occurrence may be found indeed 
in any of the varieties of placer beds. As regards the nature of 
the force which brings down the material from the mountains, and 
causes the rounding of the rock fragments, it may l)e of a varied 
character and admit of classification. 

1 . The melting of snows and rainfall, producing spring freshets 
and streams. 

2. Glacial action. This must have been a verj' common 
agency from the evidence obtained. 

3. Gravit\ition. A natural settling down of rock fragments 
loosened by chemical disintegration to a lower level. This is 
largely aided by the percolation of waters. 

With regard to this latter method of forming placer beds. Hay- 
den, in his report on Geology of Colorado, refers to the force of 
gravitation as not unusual in the formation of gravel beds and 
banks along the bases and flanks of mountains. The character 
and great extent of many gravel beds, .show very plainly that the 
denuding agencies must have been very active at one time in the 
rwent history of the hills. This seems to be best explaineil by 
the action of glaciers which during the glacial period must have 
covered the mountains and caused during their recession in a 
more genial climate the immense beds of detritus which the 
rivers and streams flowing from them piled up in the valleys Inflow. 
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In Montana, of which country this paper more particularly 
treats, gold occurs in situ. 

1. Native in quartz veins in granite, slate, and quartzite. 

2. In chemical combination with iron pyrites, also copper 
pyrites. These veins occur in slates and granites, the accompany- 
ing gangstone usually being quartz. 

8. In brown iron ores the result of weathering and chemical 
decomposition of iron pj'rites, which weathering or oxidizing in- 
fluence may extend to considerable depth in the vein owing to the 
action of percolating surface waters, or be limited to a few feet. 
The gold in this instance is free, but in a ver}' fine flour-like 
condition. Such veins where the ordinary action has extended to 
a great depth, usually occur in slates or a rock which admits of 
the ready percolation of water. This changed condition is seen 
in ail veins holding iron and copper sulphides. 

4. Gold occurs in more or less quantity in all veins in Mon- 
tana. In pure galena a small trace is obtained, as well as in 
copper sulphide. 

5. In a very few instances a small percentage of gold has 
been found in quartzite dikes. The quantity is rarely sufficient to 
warrant working. 

As to its physical properties the gold maj' he a light yellow or 
a dark yellow, holding a variable proportion of silver. It may 

occur, 

1. Id large nuggets. 

2. Moderately coaise — angular. 

8. Moderately coarse — much worn. 

4. Id graiDS aDd scales (fine). 

5. Flour-like conditioD. 

Some of these nuggets have l^een of considerable size, one ob- 
tained at St. Louis gulch, weighing nearly 21 ounces, while those 
weighing two or three ounces and more ai*e of frequent occurrence. 
Notes — 

1. A probable explanation will be found farther on. 

2. When angular, the gold has not been subjected to much 
attrition and not carried far from its source. 

3. Carried considerable distance and subject to much attrition. 

4. A very common form for gold to assume in placer l>eds. 
This is its most common condition in the vein material, thin 
leaves and scales. 
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5. This flour-like gold results chiefly from the oxidation of 
iron pyrites, the gold becoming freed in a very fine condition in 
the brown iron ore which results from the chemical change. 

Briefly speaking the physical features of western Montana are 
similar to many mountainous countries. It is characterized by a 
series of more or less parallel ranges, having a general north- 
westerly and southeasterly direction with intervening valleys. 
The mountains having been formed by upheaval, lateral pressure 
and subsequent denudation. In most of the ranges the central 
core of granite has been exposed with highly tilted slates, lime- 
stones cut by porphyritic and (juartzite dikes abutting it. 

At mount Ogden, a mountain of granite (a true granite) which 
is intersected, near a contact with a bed of (juartzite, by a series 
of narrow quartz veins holding auriferous iron pyrites and free 
gold — the placer beds are situated along the base of the mount- 
ains, a direct incline at an average slope of 35°, aliout a mile 
distant from the source. The gold can be found, however, along 
the entire slope intervening. This granite is very much decom- 
posed to a depth of twenty to twenty-five feet, so that in develop- 
ing these veins no blasting was done to that depth. The disinte- 
gration has taken place in the granite owing to change in fehlspars 
and the oxidation of iron pvrites which is thicklv scattered 
through it, assisted by percolating waters and action of frost. 

The easy removal of tliis decomposed rock by melting snows, 
assisted by the natural force of gravitation is obvious. 

The manner of the removal of the gold from the veins is, I 
imagine, that suggested by Wurtz, the formation of persulphate 
of iron in which gold is slightly soluble. This may act as a car- 
rier, a deiK)sition of metallic gold resulting as a nugget : or the 
gold is worn from the rock holding it, and carried by the water 
into the gravels. 

Placer beds vary according to the class to which they ma\* lH»long 
as regards the nature of the pebbles and l)oulders, or the presence, 
ai)seiK'e, scarcity or abundance of them, the presence of black 
magnetic sands, tlie depth of the bed and the arrangement of the 
gravels and boulders in them. 

To give an i<U*a of tlie nature of a placer bed the following ac- 
count of St. Louis gulcli, twentv-five miles east of Helena, as 
illustrating No. 5 is given. At the mouth of the gulch which has 
a jreneral course north and south and from which a creek flows 
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into the Missouri, the detritus and wash from the gulch extends 
out in a broad fan-shaped sloping terrace for two or three miles. 
The gold is disseminated to a greater or less extent throughout 
the whole of this bed, but only in workable quantities in certain 
localities noticeable at the immediate entrance to the gulch. As we 
proceed up the gulch the gold bearing strata gradually sink to a 
depth of 60 feet or more, to which shafts have been sunk to the 
gold l)earing zone. Towards the head of the gulch which is six 
or seven miles in length the gold l)elt rises till it merges on the 
surface and at the extreme head of the gulch splits into finger- 
like streams which have Ijeen traced t^> the veins in nitn from 
which the gold came. 

Fig. 1 represents a longitudinal section of the gulch, in which 
the dots show the de|K)sition of the gold in the detritus gravels 
from the mountains. A A A are veins, \\ the exit and fan-shai)ed 
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bed of gravels, C the surface line of detritus, D the line of de- 
jKjsition of gold. The veins consist of one very large vein of 
nearly pure iron pyrites, associated with some quartz as a gangue. 
It is al)out forty feet in width, and has been mined to a dei)th of 
no fi»et, to which depth the pyrites was decomposed into oxides of 
iron. 

In the vicinitv of this vein are numerous small veins of a few 
inches in width up to which the gold streaks lead in the gravels. 
The country rock is an eruptive trap- 1 ike rock. At the head of 
the gulch near the veins the hirge nuggets were obtained. This 
is easily (explained by the great weight of these large nuggets, 
which are deposited first as the detritus was laid down by the 
running water. The veins vary in their direction, one vein pene- 
trating the east side of the gulch for 1,500 feet, and Inking 
onlv two or three inches in width. a.Hsavinor $2 to the ton. As to 
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the origin of this gulch it may have been produced by glacial 
action or by the denudation of running waters from freshets and 
melted snows. The richest localities in this gulch were the outer 
points and margins of the slopes at the termini of the finger-like 
streams. This is easily explained also by the deposition of the 
coarser gold at the head of the gulch. If the gold continues to 
stream down and follow chosen finger-like paths, in the vicinity of 
the veins in such a placer, the denudation presumably being slow, 
the occurrence of nuggets of such an unusual size as 20 ounces 
might be explained on the theory that persulphate of iron holding 
an appreciable amount of gold in solution deposited its gold in a 
certain spot, a large mass of gold thus gradually accruing. This 
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theory is given in Le Conte's text book of geology, in reference 
to the auriferous gravels of California. 

As illustrating No. 3, in the Flint Creek valley in western Mon- 
tana, Deer Lodge county, near Stone, placer beds occur in the 
form of long bars or level plateaus which extend for several miles 
north from the mountain ranges. They terminate abruptly in a 
clitf-like margin. 

The gold bed A, Fig. 2, occupies the upper stratum of this plateau 
for several feet, and is sharply marked off from the lower gravels 
B. The gold stratum was evidently a later flow from the mount- 
ain, and has- l>een rearranged and deposited by lake action. 
These plateaus have been the result of glacial action in this in- 
stance. Large and subangular boulders occur in the gravel IkhI?*, 
and scattered along the valley below. 

As regards the character of the boulders, which make up the 
placer be<l, they may consist of all kinds of rock, but more 
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usually granite, slates and quartzite accompanied by iron-stained 
quartz, boulders and pebbles, presumably from the veins them- 
selves, frequently black magnetic sands, and more or less fine allu- 
vials. These beds attain great thickness, often resting on the bed 
rock which may be two or three hundred feet below the surface. 
Placer beds may exhibit a stratified arrangement of the gravels, 
boulders and sands, the gold confining itself to particular horizons. 
The proportion of fine detrital matter and clays, in a placer claim 
varies very much. There may be a good deal of intermingled 
dirt and sands, and frequently the bed may consist almost wholly 
of pebbles and boulders. In this latter instance, I believe the 
gold gradually sinks down in the bed, when unobstructed by clays 
and subject to continual action of percolating waters, to a lower 
level. The arrangement of the gold in streaks in the bed, or its 
uniform distribution depends less perhaps on the proximity of 
the bed to the source, than to the force of distribution and de- 
nudation; beds several miles removed from their source fre- 
quently having the gold arranged in streaks, by water action. 



[Notes on PaUnozoic Crustace<e No, 2.]* 

ON THE NORTH AMERICAN SPECIES OF THE 

GENUS AGNOSTUS. 

By A. W. VcxiDEs, Fort Canby, Wanb. 
HISTORICAL SKETCH OF THE GENUS AGNOSTDS. 

The earliest known species of this genus was described and figured 
by Bromell in 1729, Lithograph ia Suecana, Actis Liter., Sueciti', Upsal, 
vol. 2, p. 527, under the name of Vermiculi cagipentifi. The author mis- 
takes the fossil for an insect and figures Agnottus pisifomiii from the 
Olenus schist of Andrarum, Sweden. For a period of almost 
one hundred years this was the only representative of a genus, to which 
Brongniart gave the name of Agnontwi, taking for its type Agnostus pisi 
formis from Linn^'s Kntomolithus pisiformi$jSy9t. Nat. Ed. xii, p. 160. 

Dalman uses the same species for the tyi>e of his new genus Battus in 
1826, Palajaden p. 257. 

In the year 1828, Dalman, Vetensk, Akad, Arsber, p. 136, described a 
new species from Gothland under the name of Battui Uftiyatus, and a 
new variety from Andrarum, as Bating pisiformit var. ttpiniger. The 
next contribution to our knowledge of this genus was made by Beyrich 
In 1845, Leber B<ihm Trilobiten, p. 44. the author adds two new 
species to the list from the Paradoxldes zone of Bohemia, under the 

♦No. 1 of these notes is published in Trans. St. Louis Acad. Sci., Vol. 
V, 1891. 
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names of Battus nudus and B, integer. The discovery of an entire speci- 
men by this author removed the doubts regarding the affinities of these 
fossils with the order Trilobita. 

The investigations made by M*Coy in 1846, 8yn. Silarian Fossilsfr of 
Ireland, p. 56, added the new genus Trinodun and one new species, 7*. 
agiwBtiformu, The non-adoption by palaeontologists of Trinoduit, and 
the imperfect illustration of this species have caused several identical 
forms to be classed under new names such as Agno»(u$ conrrxus Salt 
A, trifwtlus Salt, and A. tardus Salt., Brit Pal. Foss. 1851, p. 141 (not Bar- 
rande^s species). The species ranges high up in the geologic column a^ 
it approaches its extinction, in the zone with the genus A$4tphH$ and 
Trinucleu9, 

Barrande described in his Preliminary worl^ on the Silurian System 
of Bohemia, 1846, pp. 14 and 35, nine new species under this genu!4: 
which he reduces to six in his final great work on the Bohemian trilo- 
bites. Etage C with Paradoxides bohemicun contains — Agnontn* inUgrr 
Beyr., A. grannUitusllKTv., A. nudus Beyr., A, hibullatus Barr. and A. rti 
Barr. Etage T) with Asaphus nobilis contains Agnostus tardus Barr. 

Corda, Prodrom 1847, reclassifies the genus into seven new genera and 
29 species. All the genera and species have been referred to well 
known Bohemian species and genera. 

In the Mem. Geol. Survey, vol. 2, part 1, p. 351, pi. 8, Salter & Phillips 
reproduce under the name of Agnostus trinodun the Irish species which 
M'Coy described as Trinodus agnostiforinis. The authors also de8cril>e a 
variety of this species as C4nint'ius. 

1851 — Angelin describes and figures 12 species from Sw^eden, Pala-ont. 
Scand., p. 5, pi. 6. Regio A (Olenus zone). Agnontus pisiformis Linn^-, 
A. lifrigatus Dalm., A. rdiculatus Aug., Regio B (Paradoxides forchham- 
meri M^me), Agnostus pluniraudit Aug., A, cxsculjdus Ang.^ A, punrtun^mt 
Aug., A. aruh-atus Ang.^ A. brer if rons Aug,, A. glandiformin Ang.^ A. bituftrr- 
culotUH Aug., Regio C (Asaphus zone), Agnostus Untiformis Aug., Regio 
I)., AgnostuH gUibratus Aug, 

The first North American contribution to Agnostus was made by Bil- 
lings in 1860, Canadian Nat, vol. 5, p. 302, in which he describes from 
the so-called Quebec group, three new species, Agnostus americanusj A. 
orion and A. ronadfnnis. These species are republished in Paiteozoic 
Fossils of Canada, vol. 1, 1865, p. 895. Agnostus umerieanus is of the type 
Longifrontes, congeneric with A, tnseetus Salt, which occurs at An- 
drarum with Peltura and Sphifrophthalntus, A. orion differs from ^.pMi- 
formis by having the glabella proportionally shorter. The name name 
was uued by Barrande in 1H46 for a species of the genus. 

IsijO— Eiclnvald, Lethea Rossica, vol. 1, p. 1351. The author descril»es 
four species, two of which are for the first time illustrated — Agnostun jHini- 
r///r'/;i Eirhw. and A. nodigtr, n. sp. Eichwald refers A. fMHckii to A. 
tj-nrulptuH Anir. The two new species are from the Asaphus zone. 

1S03 -An important contribution to American pahi'ontology was pub- 
lisiied during this year by James Hall; entitled Preliminary notice of 
the fauna of tlie Potsdam Sandstone, 16th Report N. Y. State Cab. Nat. 
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Hist. The memoir describes the fossils of the Dikel^cephalus zone of 
Wisconsin. In this work we have illustrations and descriptions of 
Atjnoitus josepha, A. jxivHU and A, disparilis. The first species ap- 
proaches A, cydopyge Tull. of the Olenus zone of Sweden. The second 
is of the type Laevigati of which A, Ufrigntus Dalm. i« its nearest congen- 
eric form. Dr. Shumard described in the Am. Jour. Sci., vol. 32, 1861, 
p. 218, Aynostui colorademii from Burnet county, Texas. This species is 
of the type A. neron H. & W. 

1864 — Salter in the Mem. Geol. Survey, Decade XI, describes five new 
species of the genus as follows: Agnostus princept also vars. ornatun apd 
rudis (Olenus zone). (This species is of the type A. aUivm^ gibbnSf pune- 
tuoHiii, americ4inui\ Agnostnn marroyii, Upper Llandeilo Flags, Wales, 
A. fimbatun^ Caradoc, A. morea. Lower Llandeilo, A. trinodus^ syn. of A, 
Hgnontiformis M'Coy, A. irisectm^ Upper Lingula. (This species occurs 
at Andrarum with PeHura and Sphifrophthalmu9). 

1865— Billings in the Paheozoic Fossils of Canada, vol. 1, redescribes 
A. fttmriranuji, A, orion and A. caruidensis. The author adds two new spe- 
cies to the list from the so-called Quebec group of Newfoundland, 
Agitontut gnlhn, and A. fahieus. The former species differs but slightly 
from A. tardus Barr., Etage 1), in Bohemia. The latter approaches A. 
lent if or mis Aug., Kegio C, of Sweden. 

1866— Schmidt describes a new species in the Bull. Acad. Sci., St. 
Petersb , vol. 30, 1866, p. 505, fig. 45, Agnostus cyrkanoirskii, 

1866— Lin narsson describes a new species in Om de Siluriska bildnin- 
garne i Mellersta Westergntland; Agnostus affinis from the zone with 
Pitntdoridts ttssini. 

1867--Belt in the Geol. Mag., vol. 4, p. 294, describes Agnostus nodosus 
and .4. pisiformis var. obesus, from the "Upper Cambrian" of Wales. 
Tullberg remarks that A. nodosus Belt is probably identical with .4. re- 
tirnlatns Ang. The author illustrates a broad and narrow form of A, 
piiiifortuis var. obesus. In vol. 5, 1868, of the same magazine, the author 
describes Agnontus obtusus from the Upper Dolgelly and A, barlowii from 
the Tremadoc. 

1868 — Barraude describes Agnostus bararintti^ in Fauna Silurienne des 
envimus de Hoff en Baviere, p. 32, figs. 46-47. 

1869 — Linnarsson, Om Vestergotland Camb. «k Sil. afiagringar. The 
author describes 8 species of Agnostus including the following new 
species, -4. gibbus^ A, pardfrons^ A. nidenbladhi^ and A. fallax. The first 
two species occur with Paradoxides tessini at Andrarum. Agnostus 
sidtnbladhi ranges higher up in the Ceratopyge chalk. 

Sjogren in Om nagra forsteningar i Gland Kambriska lager 1871, de- 
scribes Agn<fStus rfgimt from the zone with Paradoxides olandicus. 

1871 -Hicks in the Quart. Jour. Geol. Soc., vol.27, 1871, p. 400, de- 
scribes a new species, Agnostus rambriensin. 

1872— Meek in the sixth Report U. S. Geol. Sur. Territories, p. 664, 
gives the name of Agnostus maladensis to a species from Malade City, 
Utah; and that of Agnostus bidens to one from (iallatin City, Montana. 

4H72— Hicks in the Quart. Jour. Geol. Soc, vol. 28, 1872, p. 174, de- 
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scribes five species, illustrating a new one under the name of Afjnon- 
tus tskriggei from near Dolgelly, Wales. This article also contains de- 
scriptions of Agnostus ilaudis Salt., A tteiitalu Salt., A. sraraoides Salt, and 
A. harrandei Salt. 

1872 — Ford illustrates an imperfect trilobite under the name of .1^- 
no$tu8 nohilis in the Amer. Jour. Sci., vol. 3, 1872, p. 421. This species 
is from the Olenellus zone near Troy, New York, and may prove to be a 
species of the genus Microdiscus, which occurs in the same locality. 

1872 — Barrande describes three new species from Etage D, in the 
Supplement Syst. Sil. Bohm., vol. 1, 1872: Agnostus cad»rui, A. perrugo- 
tuH and A. Htmilaris. 

1876— Kayser, Beitrftge zur. Geol. & Palieont. der Argentinlschen Re- 
publik, p. 5. The author describes Agnostus tilcuryensi* from the 
Olenus zone. 

1877— White in his Preliminary Report for 1874, also in the final Re- 
port U. S. Geol. Sur., west 100th Mer., vol. 4, 1877, describes Agnostus in- 
terstrictus from Antelope Springs, Utah. This species is related to A. 
intrgtr Beyr. 

Hall ik Whitfield in U. S. Geol. Sur. 40th Par., vol. 4, 1877, describe 
four new species from the Dikelocephalus zone of Nevada: Agu»fstH* 
communis^ A. neon^ A. prolongus, A. tuinidosu», 

1878— Hartt, in Dawson's Acadian Geology, 2d Edition, describes A. 
ncmHcHs and A, similix; the latter species is now included as a synonym 
of A. ncadicus, 

1878— Brogger, Cm Paradoxide»skifrene ved Krekling, describes 14 
species including the following new forms, Agnontus gihbus var. hyhrida 
A, kjcruffi^ A, nnthorstiy A. inrertus^ A, pacifrons rar, mammilata^ al«*o \*ar. 
nfjMs, A. nudus var. marginntas, A. punctuosus var. njffinis and A, fntn^- 
tns. All these species occur in the Paradoxides zone. 

1880 — Tullberg, in his excellent monograph on the Agnostus species 
in the Cambrian formation at Andrarum, illustrates and describes 28 
species of this genus with the following new species: Group Longi- 
frons — Agnoxtus fixMus Lund, MSS., A. atavus, A. intermrdius^ A, ehgnn*^ 
A. lundgreni^ A. fyclopyge^ A. pusiUus. Group Lievigati — *4. rit^fr. 
Group Limbati— .4. (juadratus. 

Dames in Richthofln's China, vol. 4, p. 27, pi. 2, describes Agnn$tuM 
chim'nsis from the Olenus zone. 

1882- -Holm, in Kongl. Svenska vet. Akad. Handl., vol. 6, No. 9, de- 
scribes A, torquisti. 

1884— Walcott in Pahi'ont. Eureka Dist. describes six species includ- 
ing two new species: Agno»tus stdusns anil A. richmondensis. The lirst 
Hpecit^s is of the type A. parrifroun Linrs. and the second of A, n*ithor*ti 
Brogger. 

1885— Matthew in the Trans. Roy, ;»oc. Canada, vol. 3, describes 10 
species from the Paradoxides zone of St. John: Agnostus rcffulu*^ A. 
jmrtihus, A. rer, also var f'onci?ifnnty A. ncadicus Hartt, var. derlirig^ .4. tta- 
:i*lf(t, A. umho, A. ohtusilobus and A. acHtilohu*. 
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1889— Walcott describes in the Proc. Natl. Mus. vol. 12, 1889, the only 
known American Olenellus zone Agnostus, under the name of A. det^UI- 
fnitns, from Salem, New York. This species is illustrated in the lOth 
Report U. S. (Jeol. Survey, p. 630, pi. 80, fig. T). 

RECAPITULATION * 

From the Olenellus zone, Agnontus nobilis Ford, A, tJesuhr- 

otus Walcott, A.fallax Linrs 3 

From the Paradoxides zone 44 

From the Olenus zone 

From the Dikeiocephalus zone 19 

From the Asaphus zone 18 

"90 
AGNOSTUS, Bronjraiiirt, 1822. 
iJiuffuoxis. — The general form of the l)ody of the Agnosti is 
elongated elliptical, the surface convex. The head presents the 
same structure as that part in other trilobites, with the exception 
of eyes and facial suture, which are wanting in this genus. The 
glabella determined by the dorsal grooves, never extends to the 
anterior contour; it is always prominent by its relief: its form 
varies with the si)ecies. The typical form has a glabella divided 
into a small frontal lobe, and a larger posterior 1o1k»; the basal 
lobes forming a third part. The frontal lobe is usually subtrian- 
gutar having a groove in front (A. phiformis^ plate ix, fig. 14). 
In the section Limbati, the glabella is broadly rounded in front, 
showing a great development as in .!. rex, plate x, fig. 13. In 
the section Parvifrontes, the glal)ella has only a single 1o1k», as in 
A. parvifrons, plate x, fig. 12. In the typical glabella the j>os- 
terior IoIk? exhibits an inclination to divide laterallv, or in front, 
l>eing marked by a medium ridge. The glalwlla is sometimes 
compressed on the sides l>v the basal lobes, but expands at this 
point again in its i)osterior projection, as in A. ffihhun. The 
basal lobes are very short, so that in A. tjihhus. they appear like 
a narrow band widening out on \\o\\\ sides of the head, forming 
two nodes, which are sometimes large ami triangular, as in the 
section Fallaces. The ba.sal lol)es are divide<i in some species 
into two nodes on each side, as in .!. attutm^ l)ut, they are gener- 
ally very minute. The occipital groove and ring are more or less 
developed. The lateral lolies of the head form a concentric band 
with the contour: this is called by Barrande the tjainf zo}u\ In 
the section L<mgifn>ntes, the cheeks in front of the glabella are 
divided by a furn)w extending from the ai>ex of the glal)ella to 

♦The varieties are omitted in this enumeration. 
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the limb. The surface of the genal zone is smooth in the section 
Limbati, but, in Longifrontes they show a tendency to striate or 
punctate. The limb around the head is always wider in front and 
narrowed towards the thorax. One can distinguish upon its surface 
an internal groove, and an external ridge forming the contour, 
sometimes the limb is extended into small points on each side, as 
in A. Joiifpha. In the section Ltevigati the limb becomes oliso- 
lete; in the section Limbati it is broad. The thorax has two 
segments in all the known species. The axis is usually well de- 
veloped in width, whereas the pleura? art* often reduceil; when 
the trilobation is distinct, as in .1. rf\r^ the thorax shows the 
same characteristic; when it is faint, as in A. ntttiis, the trilolia- 
tion is also indistinct. The first segment is subdivided bv a groove 
which gives to the pleura; two bands more or less elevate<l. the 
anterior band being the larger; the second segment has the 
pleurte on each side divided into bands of e<iual width; the 
points of each pleura; are directed forwanl. The pygidium con- 
forms to the head. In certain species, for example A.lihuUntuM, 
the pygidium is marked with dorsal grooves; but the head shows 
no trace of these grooves. In .4. nx the axis of the pygidium 
reproduces that of the thorax. The lateral lolx»s form a concen- 
tric zone to the contour sometimes united, but often sepanited 
l>ehind the axis. The limb surrounding the pygidium is some- 
times extended into i>oints. If tiie head has no bonier, that of 
the pygidium is augmented as in .1. nmh's. The typical axis 
occupies generally j{ of the total length. In front of the axis is 
located a small triiuigular l)order (genou art icu lain*). Tlie axis 
has three joints; the center lobe is usually the smalk»st, but at- 
tains the greatest hight; it carries typically on the medium line a 
node, which sometimes is extended backwanls over the thinl 
joint (-1. untlior»ti and .1. acuhntiiH), also extended into a spine 
in A. (/(hinis. In A. n.r the middle joint on the axis is dividtxi 
by a groove, into an upper and lower lobe. The anterior joint 
of the axis has an inclination to become separatetl into three 
lobes; the two side lobes are common. The hist joint is heart- 
shaped. In .1. n,r the last joint is short and roundeil; in 
^1. vijcloptftjr it is large and rounded. Sometimes the axis is 
long, A. fill hi j\ The side lobes when the axis is short unite l)e- 
hind it. In the typical spwies they are divided by a furrow 
which often becomes obsolete. In A. hjtrufji and .1 j»ffim'*^intfti 
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an elevated ridge extends from the spines of the pygidium to the 
axis. 

In the section Litvigati, the dorsal grooves are limited on the 
head, only partly defining the glabella; they are also limited on 
the pygidium, especially in rear, as in A. lavigatus Dalm., plate 
X, fig 3. In the section Arthrorhachis the glabella is prominent, 
long and marked with small basal lobes; the axis of the pygidium 
is short, as in Agnosfus tardns Barr. 

PART 3. DESCIUPTION OF THE NORTH AMERICAN SPECIES. 

The insignificant genus Agnostus surpasses in number of spe- 
cies all the other genera of the order Trilobita; in the primordial 
fauna we have a total number of ninety species, excluding the 
varieties. The species range from the Olenellus zone to the 
Lower Silurian. The zom? with Paradoxides contains 44 species 
and several varieties; the Olenus is not so well represented; but, 
the genus outlived both these genera and extends into the Cera- 
topyge chalk (.1. aidvndlddhi) also in the Orthoceras zone 
{A. hntiformis &c). The genus dies out in the zone with 
Asaphus and Trinucleus (.1. trinodus &c). In North America 
the genus is represented by twenty-eight species which may be 
arranged into the following zones and sections: 

OLENELLUS ZONE. 
A(JNosTrs NoBiLis Ford, 1S72. 
This is a doubtful species and may })elong to the genus Mirm- 
discus. 

Section L PARVIFRONTES.— The glalwlla is only partly de- 
veloped in this section (Agnostus hnri/rous Aug., plate x, fig. 12). 

AiJNosTUs i)E8ii)ER.\Trs Walcott, 1890. 
Plate x, fig. 7. Cf. Agnosfus prolougus Hall. 
Dingnosis. Head about as broad as long, broadly rounded in 
front, sides curving in slightly towards the posterior margin, 
which slopes ol)liquely inwards from the postero- lateral angles to 
the glabella. The glabella is le.s.s than ^ the length of the 
head. A narrow raised rim extends all around the margins, ex- 
cept across the base of the glabella, which is sul)cylindrical. nar- 
row, with a small node on the j)osterior third of its medium line. 
Surface smooth. Locality, Salem, N. Y. This species is of the 
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type .1. pani/rons Linrs. which appears with the genus J*ttrn- 
//o.r/Wf« in Norway. The pygidium of A. jnolongus Hall, pi. x, 
fig. 10, has a similar form to the head of this s])ecies. The 
author illustrates only the head. An associated pygidium has a 
prominent axis bordered by a narrow convex space l>etween it 
and the limb. The axis does not exhibit lateral, or transverse 
furrow. An elongated median tubercle is the only ornament. 

PARADOXIDKS ZONK. 

Sectipn II, L0N6IFR0NTES. This section is distinguished by 
its strongly projecting glabella and axis, which latter is generally 
moderately long. Crust smooth. The cheeks grooved. The crust 
on the cheeks and pygidium is provided with raised ix>ints. 
Limb generally narrow. The cheeks in front of the gla}»ella and 
side lobes of the pygidium, behind the axis, divided lij' a groove. 
{Aijnoatus punctnosns Aug., pi. IX, fig. 2, also A. phiformi* pi. 
IX, fig. 14). 

A(JNosTUs ACUTiLOBUS Matthcw, 1885. Plate ix, fig. 1. 

Duujnosis. — Body elliptical, elongated. Head semi-elliptical. 
Dorsal furrow faint, marginal furrow and fold sharply defined. 
Glabella subconieal, length f of that of the head. The glaWlla 
is divided into two lobes; the anterior lobe is ^ of the length and 
sul)triangular, i)osterior lobe extends to the base of the head. It 
has an elongated ridge on the anterior half, with two faintly 
marked lateral furrows on the lateral edges of this 1o1k». The 
basal lobes are divided otf by a sigmoid furrow and depri^seil 
below the level of the glabella. Occipital ring narrow. The 
cheeks are somewhat full especially in front and divided by a 
furrow, each cheek is seamed across by a faint furrow. Thorax 
of two segments; the first has five IoIhjs, the second only three. 
Pygidium subelliptical. Axis is oblanceolate, nearly A as wide 
as the ingidium and its length is alK)Ut J of that of the pvgi- 
dium, narrowed in the anterior third, and crossed in that part by 
two transverse furrows: the included lobe bears an elongattnl 
tubercle, lateral lol)es of the pygidium moderately elevateil and 
united behin<l the axis. Surface smooth externally, hut it is 
granulated on the inner surface of tost. 

Loral it y. St. John group, Porter's brook, St. Martio's. 
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The species differs in minor points from A. gibbus var. hybridus Brog- 
ger, especially in having an elongated ridge on the front of the posterior 
lobe of the glabella. 

AoxosTUS OBTU8ILOBU8 Matthew, 1885. Plate ix, fig. 3. 

Cf. .1. scancoides Salter, 1872, from which it ilitfers by a nar- 
rower glabella with a more obtuse front. 

Diagnosis. — The head of this species is like that of A. acittt- 
foha Matthew. The pygidium described under this name is sub- 
quadrate in form, wider behind than before, and has a pair of 
spines at the outer angles. The axis is nearly one- half as wide 
as the pygidium, about four-fifths of its length and projects for- 
w^ard beyond the side lobes; it is obtusely lanoeolate, somewhat 
narrowed in the middle, and divided into three lobes, of which 
the ix)Sterior is a ^ longer than the length of the two anterior. 
The middle lobe is elevated in the middle, and bears an elongated 
tubercle on the axial line; there is also a faint tubercular eleva- 
tion on the middle of the anterior lol>e. The lateral lobes of the 
pygidium are somewhat narrowed in the middle of their length by 
the projecting sides of the axial lobe, and rapidly behind the 
pygidium, where they connect. The dorsal furrow is deeply im- 
pressed all around, and at the posterior angle is very close to the 
marginal furrow; this furrow is angled forward to the axial lobe 
and (juadrately rounded at the posterior side of the pygidium. 

LoctiUtt/. St. John group, Porter's and Hanford brooks, St. Martin's. 

AoNosTUs TES8ELLA Matthcw, 1885. Plate ix, fig. 4. 

Diagnosis. — Head semi-elliptical, higher in the middle and 
rear part. Dorsal furrow distinct on the i)ostcrior J of the gla- 
bella, faint on the other ^. Limb strongly elevated ; the interior 
groove deep and strongly impressed. Glabella cylindro-conical, 
rounded in front, the width ^ of that of the head; the length five- 
sevenths. The frontal lol>e of the glabella is depressed to the 
level of the cheeks, and almost obsolete; the posterior lobe is 
cylindrical, rounded l)ehind, l)ounded in front by a straight, deep 
furrow, and bears a small tubercle ^ from the front. Basal loljes 
small. Thorax of two segments. The anterior segment l)ear8 
five lo!)es of which the two lateral pairs are glol)08e; the axis is 
transversely elongated, wider behind than Inifore, and bears a 
minute tubercle at the axial line. The posterior segment is simi- 
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lar except the tubercle. The pygidium is semi-elliptical, some- 
what wider than long, strongly elevated along the axis, trun- 
cated in front at the lateral thirds. The axis is cylindro-conical, 
width ^ the pygidium, length f; it bears an elongated tal>ercle 
on the axial line at the anterior ^; short furrows indent the sides 
of the axis, opposite the ends of this tubercle. The side lobes 
are narrow arid divided at the extremity of the axis by a furrow, 
connecting the dorsal and marginal furrows. 
Loeality. St. John group, at Porter's brook, St. Martin's. 

\gnostu8 ACADicua Ilartt, 1878. Plate ix, fig. 7. S^'n. A(/noKt»« 

similis Hartt. 

DtKignonh. — Head convex, depressed. Limb narrow, slightly 
elevated. Glabella slightly less than J of the length of the head, 
long, elliptical, depressed convex, but more elevate<l than the 
other parts of the head; frontal lobe of the glal)ella, sub-circular 
and occupying about ^ of the glabella; l)asal lol)es small, but 
distinct. Cheeks of the same width throughout and united in 
front of the glabella; they are convex, more elevated along their 
inner margins, l)ut sloping outwards roundly and evenly. The 
genial zone has a narrow, shallow, flat space or groove which fol- 
lows the limb; on going posteriorly along the lateral margins it 
loses gradually its width towards the i)osterior angles of the head. 
Thorax unknown. ^ 

Pygidium similar to the head. The limb slightly raised, separ- 
ated from the sides by a shallow but well marked groove running 
parallel to the margin. This groove widens at the point where it 
bends to go forward along the sides, in such a way as to en- 
croach on the thin out of the limb; just before reaching the an- 
terior margin it narrows itself from the inner side, so as to caust» 
the side lobes to widen somewhat anteriorlv. These are narrow, 
flattened, about \ as wide as the axis, narrowing to a iH)int just 
behind the axis where they (h) not unite. The axis 
is about five-sixths of the length of the pygidium, lan- 
ceolated. flattene<l, more elevati'd than the side lobes of the pygi- 
dium. Dorsal furrows distinct. Tht' axis has a small tulH'n»le 
located on the median line about \ its length from the fn>nt mar- 
gin. Surface smooth. 

LocnHty. St. Joliu irroup, Saint John, N. B. 

The head of this species approaches that of A.neon, Hall & Whltlieki. 
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AoNosTUs ACADICU8 var. DECLIVI8 Matthew, 1885. PI. ix, fig. 8. 
The author compares this species with A. nee ret hh Walcott. 

A0NO8TU8 REGULU8 Matthew, 1885. Phite x, fig. 11. 

DiagnoHis. — Head elongate, semi-elliptical, with straight sides, 
j)osterior contour broken ])y the projecting glalKilla, and narrow 
occipital ring. Dorsal furrow distinct, marginal furrow and 
limb sharply defined; the latter diminishes towards the posterior 
angles of the head. Glabella large, consisting of two lobes; the 
anterior lobe semi -circular, wider than the posterior lobe, elevated 
above the general contour of the surface and undulate with 
])road furrows, radiating from the back of the 1oIk»; posterior 
lol)e flattened, cylindrical, with a faint broad median transverse 
furrow interrupted at the summit of the glabella by a node, 
elongated on the line of the axis. The cheeks are narrowed in 
the middle, there being a crescent-shaped limb in front of the 
anterior lobe of the glal)ella, and an expanding cheek on each 
side of the jiosterior lobe of the glal)ella. 

The pygidium is elliptical. The axial lobe large, high, obtusely 
clavate, constricted in the centre and divided into three lobes; 
the middle lobe is larger than the comlnned length of the other 
lobes, and has a median ridge-like tubercle. This lobe is indented 
in the middle of its length on each side l)y a short f uitow ; the an- 
terior lobe is narrow and ring-like; the posterior lol>e is sub- 
lunate. Limb distinct. The side 1oIk»s of the pygidium narrow 
in rear to conform with the axis. 

Dyrality, St. John group, at Portland, Hanford and Porter's broi)k, 
St. Martin's. 
Til is species is of the type -1. rex Barr. 

Section PARVIFRONTES. 

A(JNosTi:s UMBO Matthew. 1885. Plate x. fig. *J. 
DifKjnosU. — Hea<l broadly transversely elliptical, high and 
contracted l)ehind, sloping from the glalwlla in all directions. 
Marginal fohl an<l furrow strongly marked. Dorsal grooves dis- 
tinct. (ilalK'lla sulM>rbicular. rounde<l in front, and lH»hind 
bearing a small tubercle on the axial line, }^ from the front. 
Length of the glabella k that of the head. Pygidium semi-ellip- 
tical. Dorsal an<l marginal furrows deeply imprt»ssed; axis coni- 
cal and greatly elevated above the rest of the pygi<lium; it bears 
a small tulnTcle ^ from the front. The limb is rather wide at 
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the extremity of the pygidium, and is rounded at the anterior 
corners. 

Locality, St. John group, at Porter's brook. 

This species is of the type A^ parvtfrons Linrs. 

Section III, LIHBATL (xeneral form subquadrate, head 
has a broad limb, basal lo])es large. The cheeks in front of the 
glabella are not divided by a central groove or grooved at the 
sides. The pygidium is usually produced into lateral spines. 
{Agiiostus nx Barr, pi. x fig. 13). 

Series A. (REGII). Distinguished 'by its broad limb, dimin- 
ishing cheeks and side lobes of the pygidium. Both the anterior 
lobe of the glabella and the posterior lobe of the pygiilium ex- 
pand. (Type Agnostutt rc.r Barr). 

Series B. (FALLACES). This series has a smaller head, and 
moderately broad limb. Cheeks large; basal lobes rather large 
with a broad posterior lobe to the axis of the pygidium. (Ty|K» 
Agifostus faJIa.r Linrs. pi. x, fig. 2). 

Agnostus vir Matthew, 1885. PI. x, fig. 14. 

Diagnosis. — Head elongate, semi-elliptical, with straight sides 
and anguhited behind. l)oi*sal furrow distinct. Marginal fold 
and groove rather flat and broa<l. Ghd)ella subconical, obtuse in 
front, expanded behind. Length about five-sevenths of that of 
the head. The anterior lobe of the glabella is alK>ut two-fifths 
of its length; it is elliptically rounded in front, and obtusc»ly 
behind; the posterior lobi» is narrowed behind, an<l in that part is 
decidedly elevated above tlie rest of the head; a sigmoid furrow 
cuts off a depres.sed basal lobe on each side. The clMH»ks an* 
moderately elevated, and of efjual width all around the glaljella. 

The thorax consists of two .segments, the fii*st is divided into 
tliree lobes of which tlie outer pair is glo]>ose. the axis is elon- 
gate<l, transverse and indented on the front side by two strong 
furrows extending \ wav across; the second seijment is similar to 
tlu' thst. cxcj'i^t that there are no grooves on the axis. 

The pygidium is subquadrate, and arme<l with two latenil 
spines: its width one-fifth greater than its length. Axis cylin- 
<lro-coni('al. obtusely [)ointed behin<l. and bears an elongate*! 
tu!»ercle pointtMl !»ackwards. The side lobes of the pygidium are 
about k the width of the axis and narrowed towards the po.sterior 
4'nd of the pygidium. where they connect. The marginal furrow 
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increases in width going backwards as far as tlie posterior lateral 
angles, where it is as wide as the lateral lobe of the pygidium, 
but narrows again towards the extremity of the pygidium. The 
limb increases in width from the front as far as the lateral spines, 
behind which it is constricted ; at the anterior end it is angulated 
towards the axis, in the rear third ])roadlv rounded. 

Lomlity, St. John group, Portland and at Hanford brook, St. Mar- 
tin's. 

The Bpecies differs but slightly from AgnoHtm fallax var.ferox TuUb. 
from the Scandinavian formation at Andrarum with Paradoxidea tessini. 

AoNosTUS VIR var. concinnus Matthew, 1885. Plate ix, fig. 13. 
This variety varies but slightly from AgnoHttm vir. 

DIKKLOCEPHALUS ZONE. 
Section LONGIFRONTES. 

AONOSTl'S AMERICANirS BilHugs, 1860. 
Syn. Agnostuft rirhmon<!ensix Walcott. Plate IX, figs. 5 and 11. 
Diagnosis. — Head oblong, semi-oval, rather strongly convex, 
most elevated at the |X)sterior quarter of the length, thence de- 
scending with a depressed convex slope in all directions to the 
sides and front. Limb very narrow. The glabella is elongate 
oval, width ^ that of the whole head, length rather more than J 
the length of the head. It has two transverse furrows which 
completely or partially divide it into three lobes. The anterior fur- 
row extends all across at it or a little more of the length from the 
front. The posterior furrow is interrupttnl in the middle, and is 
only distinctly seen on each side, penetrating J the width, while 
its position is a little in advance of the posterior third of the 
length of the glabella. The space between the two inner extrem- 
ities of the posterior furrows is occupied by a low conical tuber- 
cle, with the apex directed backwards. Basal lol)es small and 
triangular. Dorsal groove distinct. (Mieeks divided in front of 
the glabella bv a furrow. The surface is ornamented bv from 15 
to 20 irregular, slightly impressed radiating rugose stria?. The 
pygidium is .striated like the head. The axis has three lobes with 
an elongateil median tubercle, extending across the anterior and 
middle lobes, the posterior lobe is equal in size to the other lobes. 

Locality. Point Levis, Quebec. 

This species approaches A. trisfctus Salter, which ot-curs at Andrarum, 
Sweden with the geous Peltura. 
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A0NO8TU8 CANADENSIS Billings, 1860. Plate ix, fig. 9. 

Diagnosis. — Head obtusely oblong, semi-oval, width a little 
greater than the length, a concave border nearly as wide as the 
glabella all around. Glabella in width less than \ the width of 
the head, and in length a little more than f the length of the hea*i. 
Basal lobes small. The transverse furrow marking the frontal 
lobe of the glabella is located a little in advance of the mid- 
length; the tubercle is obscure and appears to be indicated by the 
small indentation in the middle of the transverse furrow. The 
cheeks are separated in front of the glabella by a furrow. 

The author doubtfully figures a pygidium of this species. It 
has a similar form to that of the head of ^-1. canadensis with the 
concave border all around the margin. The axis is obtusely cla- 
vate, and marked with two joints. The posterior joint is large 
and convex, extending <iuite to the concave border, where it is 
full half as wide as at the furrow which divides the two joints. 
The tubercle is 8ituate<l in the transverse furrow and makes a 
small indentation in the edge of the posterior joint. 

fAtcalty. Point Levis, Quebec. 

A(JN()STirs COMMUNIS Hall and Whitfield, 1877. Plate ix, fig. 15. 

Diagnosis. — Head subpara]x)loid. wider than long. Surface 
strongly convex. Glabella nearly ec^ualing j^ of the width of the 
head ; anterior third separated from tlie posterior lobe by a faint, 
transverse furrow. Central part of the glabella ornamented by 
an elongated and angular tubercle. Dorsal furrow distinct. 
(Mieeks separated in front of the glabella by a groove. Basal 
lobes triangular. Limb flattened. Thorax unknown. 

The pygidium with a flattened limb, which is ornamented with 

lateral spines. Surface strongly convex; in the anterior half, the 

dorsal furrow being directed gently inward for half their length. 

and then suddenly deflected outward, with a slight curvature, l>e- 

eoming obsolete a little behind the middle of the length. An 

elongated angular node marks the axis near its anterior margin. 

Surface of the head and pygidium smooth. 

I^onility. White Pine, N<»va(la. 

This species is of the type Af/nn»(us ''i/flojti/f/t Tullberj^. 

Aii.NosTis <'oLoRAi>E.Nsis Sluimai'd, 1S()1. Plate ix, fig. li\. 
Tiie ilescription was drawn from a single example found in 
Burnet county, Texas, near the mouth of Morgans crook*, the 
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author states that there is no fissure extending from the glabella 
to the anterior margin. The absence of this groove maj' be due to 
the state of preservation. This species agrees in every other re- 
spect with A. neon. Agnontus neon differs from ^1. comviuniH in 
minute points, especially in the absence of the tuljercle on the 
glabella. 

A<KN08TU8 (»Ri(>N BilHngs, 18(>0 (cf. A. jnsi/tnmu Linnt*). 

Plate IX, fig. 12. 

Duajnoaia, — Length and breadth about equal, sub-circular, con- 
vex, a very narrow margin all around. Glabella not (juite |} the 
whole length, very convex; a transverse furrow at one-third the 
length from the apex ; small triangular basal lobes without a median 
tubercle. Cheeks divided in front of the glabella by a furrow. 

Ij)cality. Point Levis, Quebec. 

The same term was used by Barrande in 1846 for a species of this 
genus. If this species differs from A, pisiformisii is only in the absence 
of the median tubercle, which may be due to its state of preservation. 
There is a slight indication of the tubercle on one of my cabinet speci- 
mens from Point Levis. A pygidium from the same locality is similar 
to that of Afjjumtus pisifonnU, 

A(JN<)STUs josEPHA Hall, 18()3. Plate ix, fig. 17. 

DinynoHta. — Head semi-elliptical, marginetl bj' a flattened or 
concave narrow limb; geual angles produced into short spines. 
(Jlabella prominent, narrow, extending alx)ut jf the length of the 
head, and crossed by a shallow furrow near the anterior end. The 
posterior lobe is marked by an oblique furrow on each side; a 
small node on the summit at the anterior termination. The trian- 
gular space on each side between the transverse and oblique fur- 
rows is like-wise elevated into a low node. The posterior central 
portion is giblK)us. The baf al lol^es small and triangular in form. 
Cheeks divided in front of the glabella by a furrow. Pygidium 
of the same form as the head. Axis prominent, subc^uadrate, 
wider than long, nearly ^ the length of the pygidium, bearing a 
nolle or short si>ine on its posterior extremity; sides and l)ody of 
the pygidium, outside of the axis, highly convex. 

fxfCiUity. Trempealeau aud elsewhere on the Mississippi about lake 
Pepin, Wisconsin. The species occurs with Anonwcare trisconsentiii and 
Ptyrha»pin gr(inulo»a. 
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A(JN08TUS RicuMoxDENSis Walcott, 1884. Plateix, fi^. 11. 

DnignoHis. — Head moderately convex, length and breadth e<iuaL 
Glal)ella f the length and a little more than ^ as wide at the base 
than the width of the head; elongate, conical in outline, 
strongly defined by the dorsal furrows, with the anterior third 
separated by a distinct transverse furrow ; a little less than mid> 
way between this furrow and the posterior margin, a short furrow 
penetrates from each side towards the base of a minute tubercle 
situated on the median line. Basal lol)es small, triangular. 
Cheeks more convex than the glabella, sepamted in front of the 
glabella by a furrow. Limb narrow. Surface ornamented by 
slightly irregular depressed lines that indent the surface from the 
margin nearly to the edge of the strong dorsal furrows. Surface 
smooth under an ordinary magnifying power. 
locality. Prospect mountain, Nevada. 
This species is identical with Agnostus americanuB BilHrgs. 

AciXOSTU.^ MAL.VDENSIS Mcck, 1873, aff. A^nnshtit Joxejf/ta. 

The author proposes this name for a species from Maladc City, 
Utah, which is closely allied to AyuoHUisjosejyha Hall, except thai 
the specimens do not exhibit the spines on the genal angles of the 
head ; the author remarks 'none of which are in a condition 
to remove all doubt on this point." 

Section LIMBATI. 

AoxosTUs BiDENS Meek. Plate x, fig. 5. 
DiiiynoMis. — Head moderately convex, slightly wider than long, 
bordered by a rounded margin with a strongly define<l marginal 
gro<Jvc. (flabella convex, narn>w, more than ij the length of the 
head, converging anteriorly, sub-angular in front; two obli(|Ue 
furrows i)osterior to the center enter from eoch side, and unite 
just in advance of a small node, on the center of an elevation, tie- 
fined behin<l bv a transverse furrow that bends backwards; ]h»- 
twcen this furrow and the occipital furrow a narrow band extentis. 
widiMiing out laterally, forming the basal lobes. Dorsal furrow 
distinct. Clu'cks convex and sloping rapidly to the marginal 
groove from the somewhat elevated central iK)rtion. Thorax un- 
known. The pytjidium is arme<l with lateral spines, and is 
strongly convex. Axis conical, extending more than J of the en- 
tire length, ornamented with an elongated, angular tubercle on the 
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anterior portion, with a transverse furrow just before it, separating 

a narrow anterior portion ; in some examples a faint transvei*8e 

furrow crosses back of the tubercle. Surface of the liead and 

pygidium finely granulose. 

Locality, Gallatin City, Montana, also in the Eureka District of Ne- 
vada and elsewhere. 

Agnostus TUMID08US Hall and Whitfield, 1877. Plate x, fig 8. 
Diagnosis. — Head highly dome-shaped in outline, slightly con- 
tracted near the occipital border, very convex. Limb narrow, 
flattened. Dorsal furrow distinct. Glabella small, less than '^ 
as long as the head, conical and very convex, especially' tumid in 
the lower part; the central tubercle marked near its edge by a very 
slight line which presents the appearance of a border surrounding 
it. Frontal lobe about ^ of the length of the glabella. Basal 
lobes triangular and minute. Thorax unknown. The highly 
dome-shaped outline with the form an<l markings of the glabella 
distinctly mark this species. 

Locality, Eureka, Nevada. The species is of the type A. quadratus 
Tullberg. 

AoN(»sTU8 IXTER8TRICTUS White, 1874. Plate x, fig. 0. 

Diagnosis. — This species of the type ^1. falhi.z Linrs. is ellip- 
tical in form with a smooth surface. The head is broader than 
long. Limb narrow, forming a narrow linear depression l>etween 
it and that portion of the head which it incloses. Glabella bilobed, 
conical, well defined by the dorsal furrows, and sharply rounded 
in front. A minute tul)ercle on the median line; near the poster- 
ior end; the frontal lobe is marked off bv a shallow transverse 
furrow. Thorax of two joints, narrower than the head and 
pygidium, giving the l)ody the appearance of being constricted at 
the middle. Axis broad, ])oth its joints tumid at the ends, where 
they reach the dorsal furrows; lateral lobes very narrow, pleura* 
about as wide as long, each pleura? tumid and rounded at the ex- 
tremities. Pygidium in form like the head. Axis a little longer 
than the glal>ella, moderately convex, with a minute tiU^ercle on 
the median line near the anterior end. Sides lx»tween the mar- 
ginal furrow and axis convex. The lateral angles of the pygid- 
ium are produced into sharp spines. The basal lol>es of the gla- 
bella are vers* minute. 

Locality. Antelope Springs, Utah. 
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Section L^VIGATI. The dorsal grooves marking the glaliella 

and axis of the thorax and pygidium, are wanting or faintly indi- 
cated. Crust smooth, sometimes with slight indications of stria?. 
Limb on the head disappearing ; on the pygidium it liecomes broad. 
{Affnoatnti JavigatuH. Dalm., plate x, fig. 3). 

Agnostus DISPARILI8 Hall, 1863. Plate x, fig. 15. 

Diagnosis. — Head semi-elliptical, convex towards the posterior 
side, and abruptly sloping in front; length and breadth nearly as 
3 to 4, a little concave on the posterior margin and marked near 
the edge by a narrow groove on each side of the middle; the centre 
slightly elevated close to the margin. The limb is a little wider 
in front than at the sides. The pygidium (?) is a little wider than 
long. The trilobation extends nearly to the posterior extremity, 
and is separated from it only by a narrow border. The axis is 
fullv once and a half as wide as the side lobes, somewhat flatteneil 
on the summit, and verv distinctlv limited bv the dorsal furrows. 
The pygidium figured with this si>ecies may be that of the genus 
Microdiscus. 

Ixxuility. Oseola Mills, on the St. Croix river, WisconsiD. 

AdNosTUs PARiLis Hall, 1863. Plate x, fig. 4. 

DiagnoHis. — Head semi-elliptical; length and breadth alK>ut 
efpial, very convex in the posterior part, and curving downwanis 
to the anterior margin. The central portion of the jxjsterior part 
is limited by a faint curving groove; and anterior to its limits 
there is a slight elevation, which may have a node on the .surface 
of the crust. The posterior margin, just within the angles, is pn>- 
duced in a minute node. The limb gradually expands from the 
posterior angles to the front, where it becomes well defined. The 
pygidium is slightly truncated at the anterior angles, the marginal 
rim narrower towards the articulating l)onler. The central part 
is slightly more elevated and limited by furrows diverging fn>m 
the anterior margin. On the median line, at a point ^ the length 
from the front margin, there is a distinct elongated tuliercle. 

Morality. Shores of lake Pepin. 

AoNosTis PRoLoNcjus Hall and Whitfiehl, 1877. Plate x, fig. 10. 
Diagnosis. — Head elongated, or very high dome-shaped in out- 
line. Surface depressed, convex in front and gradually rising to 
near the occipital Iwjrder, where it becomes low, tumid. Glalndla 



(refiuM Ag?iostu^, — Vogdea, , 395 

Ten* indistinct, of conical form, with triangular basal lol)es. Limb 
narrow, somewhat rounded, gradually fading out along the postero- 
dateral angles. P3'gidiwm (?) much like the head, but much shorter 
in proportion to its width. The axis occupies more than ^ of the 
•width, short and rounded, obconical, oraamented by a node in its 
upper end, and divided across by a doubly curved transverse fur- 
Tow near the lower end. Dorsal furrows distinct. Limb flattened. 
Lorality. Eureka, Nevada. 

Section FALLACES. 
A0XO8TU8 SECLUSus Walcott, 1884. Plate x, fig. 16. 

Diagnosh. — Head strongly convex, a little longer than wide, 
"i\ith a slight contraction posteriorly. Liml) narrow with a distinct 
sjroove between it and the cheeks. Dorsal furrows well defined. 
Ba.sal 1oIk»s distinct. Glabella alwut half the length of the head, 
strongly convex and sciuarely truncated in front; at al)out the an- 
terior third a broad, short furrow penetrates on each side a shoil 
distance, and posteriorly a rounded node is separated from each 
lateral angle by slight furrows, forming the basal lobes. The 
cheeks slope rapidly towanls the marginal groove, on the sides 
and m()re gradually to the front. Surface finely gnmulose. 

jA>caUty. Secret Cauon sbales, Eur»»ka District, Nevada. 

ASAPHUS ZONE. 

Section IV, ARTHRORHACHIS, type Agnostui< tnnlns Barr. 
AoNosTTs OALBA Billlugs, 18(>5. Plate ix, fig. (>. 

The author describes in The Palaeozoic Fossils of (\inada, V()l. 
1, 18(J5. p. 2i>l. Ayiinstits (/afhfi and A. /a In' us from Table Head 
and Pistolet l>ay, Newfoun<lland. Both these species an* of 
L<»wer Siluric ty|>es, the first of Agnostus tardus Barr, ami the 
second of .1. leutiformis Aug. The species appear with the gen- 
era Asajthus, lUivuus and Trinrthrus fisvhvri^ etc. 

Ditigunsis. — Head strongly convex. Limb narrow. Glabella 
convex, strongly elevated above the general surface, occupying 
alMiut if of the whole length of the head. Sm<w)th, no tubercle, 
))Ut with slight indentations on each side, at about the mid-length. 
Dorsal furn)ws <listinct. liasal lo!)es triangular. Pygidium in 
contour and ronvexitv. like the head. Axis stronjrlv convex, well 
defined all round bv the dorsal furrows, a furn)w runs all across 
at ^ the length from the apex; a short one on each side at J the 
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length from the apex. The tubercle forms a longitudinal medium 
lobe in the anterior f of the axis. The tubercle is at the anterior 
margin, slightly elevated above the general convexity of the axis, it 
is less elevated just over the anterior pair of furrows, but )>ebind 
this point it rises to twice the hight and terminates abruptly 
at the posterior furrow. The anterior lobes of the axis are dis- 
tinctly separated from the tul>ercle by a narrow groove; the 
second two are not. Surface apparently smooth, but with indi- 
cations of small wrinkles which unite with each other, so as to 
give a reticulated aspect, similar to that of A. rtticufafuM An«r. 
The species differs from .1. tardus Barr, in having a shorter axis 
in the pygidium, and in having the node of uniform hight its 
whole length. 

AoNosTiTs FABius Billiugs, 18(55. Plate ix, tig. lU. 
Diagnosis. — Head semi-elliptical, uniformly and moderately 
convex. Limb very narrow. (Tlabelta scarcely elevated alx)ve the 
general surface, not defined in front; obscurely so in the posterior 
half by the dorsal furrows, which are parallel, and disap|K^ar 
about the middle of the head. Basal lobes small, triangular. 
Pygidium slightly more elongated than the head. Limb narrow, 
flat. Axis about ^ the whole width; it has two pairs of transverse 
furrows, the posterior reaching the median line, where there is a 
small rounded tubercle, located slightly behind the mid-length of 
the axis. The anterior furrows are half way between the tuber- 
cle and the front margin, their inner extremities separateil by 
alx)ut one-third the width of the axis. 



STRIATION OF ROCKS BY RIVER ICE.* 

J. E. Todd, Vermillion, 8. Dak. 

Sixty years ago the striation of rocks was commonly aar^ribeil 
to the action of floating ice. Forthepast twenty-five years these 
same markings have as generally been referred to the action of 
land- ice. So much is this the case now, that careful discrimina- 
tions seem to be largely neglecteil. Very few observations have 
l)een reported, which are clearly referable to glacio-natant action. 
While it is (juite generally admitted that berg-floe, or river-ice 

♦Published with approbation of State Geologist of Missouri. This 
paper was read before the Iowa Academy of Sciences, Dec. 29, 1891. 
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may striate, cases are rare where they have been shown to do 
such work. 

Croll, in '^Climate and Time," pp. 272-279, reviewing the ob- 
servations of Campbell and others alK)ut the gulf of St. Law- 
rence at various points, and along the St. Lawrenee and Ottawa 
rivers, concludes that floating ice does not striate. The only 
case he admits is one seen by Lyell at cape Blomidon, on the 
west side of the Basin of Mines, in a tidal channel where the 
conditions were similar, as we understand, to those in a river. 

Lyell, after searching <liligently along the river below Quebec 
and at the falls of Montmorenci, concludes as follows: "In none 
of these places were any long, straight grooves observable, and I 
feel persuaded that any degree of freedom of motion in the rocky 
fragments forced along by small pieces of ice, or V)y tiood of 
water, would l)e quite incompatible with the mechanical effects 
exhibited in what are called glacial grooves.'" (Travels in North 
America, 1841-2, Vol. 2, p. 115). From his method of speak-' 
ing, it seems that he may have found striie, but he was not so 
much emleavoring to <lecide whether tlie ice nvmtche^l the rocks, 
as to determine if it could imitate so-called glacial ijmorintj. 

Chamberlin, in his Kock Scorings of the (treat Ice Invasion, 
doubtfully refers some scratches in western New York, to the 
agency of ice-bergs. (7th Annual U. S. G S., p. 1(>()). 

Little has been published, so far as the writer has discovered, 
on striation by floating ice, and still less about the action of river- 
ice. It has been his privilege to gather several interesting facts 
which have the greater importance l>ecause of their rarity. 

Ten years ago, at Running Water, S. I>. , I first saw strite on 
chalk-stone a few feet alx>ve low water in the Missouri, so situ- 
ated that they could not Ik? referred to glacial action, and to nothing 
ancient. The scratches were some of them 10 inches long, and 
bore S. 73° E. They are on the north side of the river at the 
foot of clitfs above the landing. 

A few seasons after, I found unusual scratches among the 
many referred to glacial action, near Sioux Falls, Dak. They 
were dt»eper and rougher, with tapering ends and upon a boss of 
rock, apparently eroded from the south instead of the north. 
They were only a few feet above the present Big Sioux, a few 
rods distant. The longest were about 1 inches long, their direc- 
tion, N. 57° W., i. »., parallel with the course of the river. 
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As both these localities were within the glaciated area, and es- 
pecially the latter, on the same level with striae commonly re- 
ferred to the action of laud ice, their origin remained undecided 
tn my mind. 

1 sought for light upon the problem at every opiwrtunit^*, as 
on limestone ledges along the Platte and Missouri rivers, but in 
vain. 

During the past season, it was my privilege to visit Ca|)e 
Girardeau, Mo., and Grand Tower, 111., while emplo3'ed on the 
geological purvey of the former state. At Cape Girardeau, I 
found upon the ledges a little alJove low water, numerous scratches 
several inches long, having a direction S. 10-35° E., corresi)ond- 
ing to the course of the river opposite. Here again there was 
doubt as to their origin, because although beyond the limits of 
extreme glaciation, it was not impossible that they might have 
been formed ])y artificial means, the slipping of pike or anchor, 
or the grazing of boats. They were near the main landing. 

The next day, I was rejoiced to find a much finer exposure of 
similar markings, al)Out three miles above Grand Tower, on tlie 
east side of the river. Here everything seemed to conspire to 
give an unequivocal affirmative answer to the question, whether 
river ice did ever striate rocks. 

There is there a hard, even-topped stratum of dark limestone, 
jutting from the ])ank several yards, and dipping at a slight angle up 
stream and toward the bank. The steep bank, upon it and ex- 
tending further up the stream, is faced with large sandstone 
lx)ulders. The dip of the rocks is 4-()° E. NE. The principal 
seams of the rock are N. 10-12° E. The surface, which was 
quite geueralh* planed and striated, was 1 feet wide on an aver- 
age, and (10-75 feet long. The direction of most of the stria? 
was S. 10-11° W., and of a few, 8. 18° W. The striated sur- 
face reached from the surface of the water up 2-3 feet alx)ve 
that level. A small patch toward the lower end was scratched 
S. 5(»° E. The striie were, if anything, more strictly parallel 
than in most glacial strije. They were short, rarely more than 
three iuches long. This was mainly due, it would seem, to the 
nodular and much cracked nature of the stone. One other pecu- 
liarity of the stone affected the form of the markings. Scattenxl 
through the rock were small black grains, as if of iron oxide. 
Tlu^se usually headed the narrow ribs separating the strite. 
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As if to leave no doubt, a long deep scratch, about four feet 
in length and about as high above the ledge, was made doubtless 
by the same agent, viz., river-ice, on the nearly vertical face of a 
large boulder. This was in the same direction as the stria? on 
the ledge l)elow. 

The condition obtaining here and not in some of the other 
localities I had examined was the occurrence of numerous siliceous 
boulders at the river margin, a little up-stream from the ledge 
showing abrasion. 

After this demonstration of the erticiency of river-ice, T had no 
difHeulty in ascribing the cases previously noted to the same cause. 
I would refer some, reported by others, to probably the same cause, 
viz. : Some reported to me by Prof. J. W. Spencer, as found at low 
water mark, at St. Louis, also some, reporteil to me some years 
since, by Prof. S. T. Trowbridge, from the vicinity of (ilasgow, 
Mo. And less confidently those formerly seen and published b}' 
Dr. C A. White, occurring at low water, at Omaha, Neb. 

Nor is the story complete, without adding an interesting case 
most recently observed, at Wellington, Mo. There, on a le<lge 
near low water, not far from the depot, are a very few markings 
on a rough horizontal ledge of limestone. The patches striated 
were in each spot less than three inches across, but the markings 
in each were parallel to one another. In the first spot the direc- 
tion was S. 45° E., on a surface dipping 4-5° to E. In the direc- 
tion of the striie and 14 inches away was another patch, level, 
ami striated S. 01° E. ; and following that direction IS inches, a 
patch sloping upward and 8triate<l S. 77° E. was fouml. Possi- 
bly this was all done by one floating block. 

The foresroinjj observations, seem to me to warrant the follow- 
ing conclusions: 

1. Planation and striation are sometimes the work of river- 
ice, armed with erratics. 

2. The localities most favorable for this phenomenon seem to 
be, on the outside of a bend, or near a strong cuiTent, near low 
water mark, and below a point where siliceous erratics lie near the 
water level. 

8. The dynamical conditions necessary art* probably a sudden 
breaking up of the ice, before it is rotted by thawing, and with a 
flood to wield it. This, however, is largely conjc*ctural. The proper 
conditions <lo not often occur in our present western streams. 
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As botli these localities were within the glaciated area, ai 
pocially the latter^ on the same level with stris commoaly 
ferred to the action of land ice, tLetr origin remained undecided. 
)n my mind. 

1 sought for light upon the problem at every opixirtunity, iu 
on limestone ledges along the Platte and Missouri rivers, but in 
vain. 

During the past season, it wbs my privilege to visit Cape 
Girardeau, Mo., and Grand Tower, III., ivLile employed on the 
geological purvey of the former state. At Cape Girardeau, 1 
found (ii>ou the ledges a little aljove low water, numerous sera tcliea 
several inches long, having a direction S. 10-35° E. , correspond- 
ing to tiie course of the river opposite. Here again there wafl 
doubt as lo their origin, liecause although Iwyond the limits of 
extreme glaciation, it was not impossible that they might bare 
been formed liy artiflcial means, the slipping of pike or anchor, 
or the grazing of boats. They were near the main landing. 

The next day, I was rejoiceil to flud a much finer exposure of 
similar markings, about three miles above Grand Tower, on the 
east side of the river. Here everything seemed to conspire to 
give an unequlvocsl nfBrmative answer to the question, whether 
river ice did ever striate rocks. 

There is there a hard, even-topped stratum of dark limestone, 
jutting from the liank several yards, and dipping at a slight angle up 
stream and toward the bank. The steep bank, upon it and ex- 
tending further up the stream, is faced witti large sandstone 
Ijouldera. The dip of the rocks ts 4-C'' K. NE. The principal 
seums of the rock are N. 10-12° E. The surface, which was 
quite generally planed and striated, was 10 feet wide on an aver- 
age, and f.ill-75 feet loug. The direction of most of the strie 
was K. ltl-ll° W., and of n few, S. IS" W. The striated sur- 
face reached from the surface of the water np 2-3 feet above 
that level. A small patch toward the lower end was scratched 
S. 5fi° K. The stria; were, if anything, more strictly parallel 
than in most glacial strije. They were short, rarely more than 
three iucUes long. This was mainly due, it would seem, to the 
nodular and much cracked nature of the stone. One other pecu- 
liarity of the stone affected the form of the markings. Scattered 
through the rock were small black grains, as if of irou oside. 
These usually headed the narrow ribs separating' the striie. 
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4. Usually the stria? are parallel, as much so as in glacial 
action, and commonly on surfaces dipping up stream, hut occa- 
4sionally upon limited areas dipping down stream. 

While these facts may have no direct significance of practical 
value, they indirectly throw much light upon the (K>ssible origin 
of the extra-morainic drift, and of some ancient striated sur- 
faces outside of the moraines. 



REVIEW OF EECEXT GEOLOGICAL 

LITERATURE. 



Bulletin of the Geologic4il Society of America. Proceedings of the Sttmm* r 
Meeting held at Washington, Avgust 24 and 25, 1891, H. L. Fairchild. 
Secretary. Vol. ill, pp. 1-152; issued March 9, 1892. 

A fine portrait of Prof. Alexander Winchell, the deceased president of 
the society, forms the frontispiece of this brochure, which contains a 
memorial sketch of him by his brother. Prof. N. H. Winchell. 

Many papers that were read at the meeting, a considerable number of 
them being by foreign geologists who attended the International Geolog- 
ical Congress, are presented, either entire or in abstract, including notes 
on a geologic maj) of South America, by Dr. Gustav Steinmann, of Frei- 
burg, Germany; Thermometamorphism in Igneous Hocks, by Alfred Har- 
ker, of Cambridge, England, discussing a great volcanic series of Ordo- 
vician ag»» in the English Lake District; The Plant-bearing Deposits of 
the American Tria», by Lester F. Ward, these deposits in the Connecti- 
cut valley. In New Jersey and Pennsylvania, Virginia and Mar}'Iand, 
North Caroline, and New Mexico and Arizona, being all referred to the 
upper Keuper, near the summit of the Trlasslc system; Studies in Prob- 
lematic Organisms — the genus Scolithu» (with numerous figures in the 
text), by Joseph F. James, who regards these worm-burrows as valueless 
for correlations; The Tertiary Iron ores of Arkansas and Texas (with a 
map), by K. A. F. Penrose, Jr., who concludes that the llmonite ores a^ 
now found are the products of the oxidation of original Iron carbonate 
and sulphide; Sandstone Dikes In northwestern Nebraska (with illustra- 
tions In the text), by Kobert Hay: The Eurypterun beds of Oesel as com- 
pared with those of North America, by Dr. Frledrlch Schmidt, of St. 
Petersliurg, Kussia; On the marine beds closing the Jurassic «nd open- 
ing the Cretaceous, with the History of their Fauna, by Prof. Alexis 
Pavlow, of Moscow, Hussi»i; Quaternary (hang^^s of Level in Scandinavia 
(with a map), by Haron Gerard de Geer, of the Geological Survey of 
Sweden (see the Geologist, Oct., 1801, p. 230): The **Black Earth" of the 
Steppes of southern Russia, by Prof. A X. Krassnof, of Clarkow, Hussia, 
a most interesting comparison of the rhrruozem with the black prairie 
oil of the Missi^^/ppi basin: On the existence of the Dinotherium In Rou- 
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maniSyby Prof. Oregoire Stefanescu^ of Bucharest, Houmania; The Ehi'O- 
llte-Syenlte of Beemerville, New Jeraey, by James F. Kemp; Notes on 
the Texas-New Mexican region, by Robt. T. Hill, an admirable paper 
describing: (1) the Lafayette formation of gravel, sand and silt, rang- 
ing in altitude up to 5,500 feet and averaging 200 feet in thickness, on 
the Llano Estacado, the Edwards Plateau, and the Washington Prairien, 
^2) Lafayette and Columbia tluvial and lacustrine beds, ranging together 
to thicknesses of 500 to 1,000 feet, in basins of western Texas and New 
Mexico, surrounded by faulted and tilted mountain blocks, and (3) vol- 
canic areas of eastern New Mexico, having lavas which overlie these late 
Tertiary and Pleistocene formations: The Relations of the American and 
European Echinoid Faunas, by J. W. Gregory, of the British Museum of 
Natural History, concluding that these continents have been so united at 
times during the Miocene and Pliocene periodb as to permit their echin- 
oid faunas, before widely different, to l^ecome closely related, in a man- 
ner **wholly incompatible with the theory of the permanence of the great 
ocean basins;^* The Missouri Coal Measures and the Conditions of their 
Deposition (with a map and seven ideal sections in the text), by Arthur 
Winslow; The Pelvis of a MegaUmyx and other bones from Big Bone 
Cave, Tennessee, by James M. Safford (see the Geologist, Oct., 1891, p. 
282); The Cienegas of southern California, by Eugene W. Hilgard, de- 
scribing alluvial fans of gravel, sand, and silt, which become reservoirs, 
with springs issuing on their lower portions and producing spots of ver- 
dure (cienegas) in otherwise arid tracts; The Chattahoochee Embayment, 
by Lawrence C. Johnson, describing Tertiaiy and Quaternary formations 
in western Florida; Peculiar geologic processes on the Channel Islands 
of California, by Lorenzo G. Yates; Inequality of Distribiftion of the 
Englacial Drift, by Warren Upham (see the GEoix>oi6T,Oct., 1891, p. 239); 
Effects of Drought and Winds on Alluvial Deposits in New England, by 
Homer T. Fuller (1. c, p. 239); and A Deep Boring in the Pleistocene 
near Akron, Ohio, by E. W. Claypole (1. c, p. 239). 

Three papers read at this meeting are printed in separate bn>chures, 
•namely. Preliminary Notes on the discovery of a Vertebrate Fauna in 
Silurian (Ordovician) strata (pp. 153-172. with three plates, issued March 
15, 1892), by Charles D. Walcott. describing remains of placoderm fishes 
in Lower Trenton strata at Canyon City, Colorado; Certain extra-morainic 
Drift Phenomena of New Jersey (pp. 173-182), and On the northward and 
eastward extension of pre-Pleistocene Gravels of the Mississippi Basin 
<pp. 183-186), both by R. D. Salisbury, issued March 31, 1892 (see the 
Geologist, Oct., 1891, p. 238). 

Tfu Labrador Coant: A journal of txto ttvnnner crui$es to that region^ itt'th 
notes on ?'« rarfi/ disrottry^ on the Kakimo^ on its Physical Geography^ Geol- 
ogy^ and Natural History. By Alimieis Spuing Packard, pp. 513; with 
many maps and illustritions. (New Y(»rk: N. D. C. Hodges, publisher, 
1891). This volume well presents nearly all that is known concerning 
•the geojrraphy, geology, fauna (both of land and sea), and flora of Labra- 
dor. The author's observations and discussion of the glacial phenom- 
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ena are especially valuable. Several of the maps, based largely oa 
explorations by the Moravian missionaries, have been drafted for this- 
work and are superior to any previously published. 

Exploration on Grand Riter^ Ijahrador, By Austin Cart. (Bulletin,. 
Am. Geog. Soc, Vol. xxiv, pp. 1-17, with a map; March 81, 1892). The 
Bowdoin College expedition in 1891 to the falls of the Grand river ia 
Labrador, of which a brief narrative is given in an appendix of Prof. 
Packard's volume, is here more fully reported. The largest fjord of 
Labrador, about 150 miles long, known as Hamilton Inlet, terminating in 
lake Melville, receives at its head the Grand river. The distance along 
the river from its mouth to the falls is nearly 300 miles. For nine miles 
next below the falls the river runs in a narrow postglacial canon, 300 feet 
deep close to the falls aud 800 to 1,000 feet deep at its lower end, where 
it opens, like the gorge below the falls of St. Anthony on the Mississippi, 
into a wide preglacial valley, whose upper part is occupied by a compai^ 
atively small tributary. The canon is eroded in the hardest crystalline 
rocks, which form a plateau in that region about 2,000 feet above the sea; 
and the amount of its erosion, as of the gorges below Niagara and the 
falls of Si. Anthony, affords a measure of the length of postglacial time. 
The vertical fall, probably due to systems of joints In the rocks, was esti- 
mated by Mr. Cary to be somewhat less than 200 feet, but has since been 
more reliably d»-termined to be about 800 feet. Strong rapids extend 
several miles both below and above the falls. 

On tfieOiiteolofjy of Afesohippus and Leptomcryx, icith Observations on the 
Moihs and Factorn of Evolution in the Mammalia. By W. B Scott. (Jour- 
nal of Morphology, Vol. v, No. 3, pp. 104, with two double plates and 
nine figures in text). 

This is a worthy seijuel to the admirable memoir on Pitbrot?ierium by the 
same author, briefly noticed in the November number of the GROLoasT. 

The first 41 pages are occupied with a study of Mesohippus in its rela- 
tions to existing equine forms. 

The typical species of this genus M. bairdii, first referred by Leidy^ 
its describer, to tbe genus P(U(fotIwrium and later to Anrhitherium^ has 
usually been referred to the latter genus, but, as has been shown hy 
Scott*, belongs, by the non-invaginate enamel of its incisor teeth, to an- 
other genus, for which he has retained the name, Mtsohippus. The genua 
Mesohippus, originally proposed by Marsh on characters which, so far aa 
different from those of Anrhithvriumy are of merely specific value, is thua 
saved literally "by the skin of its teeth." 

Of the two genera, Anehitherium and Menohippus^ the latter is regarded 
as the more i)rimitive form, and it is questioned whether the former 
genus be in the line of eiinine descent and whether it do not rather form, 
a side branch. 

After a detailed d<»scription of the parts of the skeleton, a full-page 
restoration is given, in connection with which Prof. Scott remarks: "Tbe 
successive gener<4 of tbe horse species show for the most part a steady 

Srhnct. Vol. vn. 
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increase in size from the tiny Hyracotherium of the Wasatch Eocene to 
the great animals of Post-pliocene times. Mesohippus, however, has 
not reached a large stature, advancing beyond its Bridger predecessor, 
Pachyn*jlophu8, much less in regard to size than in morphological differ- 
entiation; the larger species of the Bridger genus are but little inferior in 
this respect to the smaller species of the White iiiver form. In spite of 
its comparatively high degree of differentiation, Me$ohippu$ was a very 
small animal compared with the recent horses, about the size of the New- 
foundland dog. The skeleton is essentially like that of existing Equid(B 
in character and appearance, but presents many striking points of differ- 
ence.'' Some of these points are as follows: Mesohippus as compared 
with E(/uuA is characterized by its smaller skull, shorter face, larger and 
more anteriorly and inferiorly placed, posteriorly open orbits, its less 
massive, less oplsthoc(rlou8, cervical vertebnv, differently shaped odon- 
toid process, long and well arched back, less flattened ribs, its slenderer 
limbs and decidedly greater length of hind-limbs relative to fore-limbs 
than in Equiui^ its complete though slender ulna, its functionally devel- 
oped second and fourth metapodials and s])lint-like metacarpal I. 

Concluding this part of his paper, the author observes: "There are 
thus many points of difference as regards the proportionate development 
of the various parts of the skeleton, between Me ohippus and E(/uutt, and 
these divergences, more especially the smaller and differently shaped 
head and the very slender tridactyl feet, give to the older type quite an- 
other physiognomy than that of the recent representatives of the group, 
even without taking into consideration its very much smaller size* 
Nevertheless, no one can examine the skeleton of the Miocene genus 
without being struck by its essentially equine nature; in the teeth alone 
is the fundamental similarity of plan not apparent at the first glance* 
though even here a careful examination reveals the connection very 
clearly. This similarity extends also to the earlier members of the equine 
series, for Hyracotherium from the lower Eocene belongs as unmistakably 
to this line as do any of the later genera. Indeed, one of the most strik- 
ing features of this phylum is the way in which its essential features, 
and even many apparently insignificant details, are, as it were, sketched 
out in very early times and then gradually elaborated, without deviation 
and without retrogression, until the final term of the series is reached.** 

In the second section of the contribution, nineteen pages are devoted 
to an account of the genus Leptomeryx, including description of nearly 
all of the skeleton with a restoration of />. evanH I eidy, and a discus- 
sion of the problem of the systematic position of the genus. It is found 
that in twenty-seven characters that especially mark the tragulines, 
Leptonieryx agrees with them in twenty-one, presenting on the other hand 
six more or less important points of relationship to the Pecora. 

Boas* view that the tragulines are a group of simplified ruminants de- 
rived from typical members of that series, by which Leptomeryx would be 
considered one of the direct ancestors of the tragulines, is rejected, and 
it is considered probable that "Leptomeryx is a side- branch of the trag- 
uline stem given off before the extreme concentration of the tarsus char- 
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ACteristic of exiating members of that stem bad been acquired, and which 
has paralleled more or lees exBctl^' ^e ^sracters of the Petora in certain 
particulars; e. ^., the condition of the auditory bullae and the constitution 
of the posterior cannon-bone/' 

The remainder of the paper consists of two discussions: one **On ihs 
mode of evolution in the Mammalia,'' the other **0n some factors in the 
evolution of the Mammalia." 

The first of these is concerned chiefly with the paleontological evidence 
for parallel and convergent evolution. The evidence seenis quite con- 
<;lusive that both modes have obtained, and **it follows with great proba- 
bility that many geaeric groups are not reai expressions of relationsliip, 
but artificial assemblages of similar forms." The author points out the 
fallacy of Huxley's dictum that *'it is more important that similarities 
should not be neglected than that differences should be overlooked.** 
The evolution of the types selected for study, thtiugh with some fluctu- 
ation, is comparatively direct, and the plasticity of mammals is believed 
to chow marked limitation. **In every formation, the majority of species 
appear to die out without leaving any successors behind them, and too 
early a specialization would seem to be fatal to the perpetuation of a 
group. With rare exceptions the progenitors of permanent lines seem 
to be those forms which have not strayed too far in any direction from 
the fafe middle course." 

To the general rule that among mammals differentiation is by reduc- 
tion in the number of parts, exceptions are noted; and the probability is 
indicated that evolution does not always proceed at a uniform rate. 

The part **0n some factors in the evolution of Mammalia" deals chiefly 
with Weissman's theory of heredity and the "dynamic theory." While 
commending the former as having called renewed attention to funda- 
mental questions, the author does not accept it, considering that it con- 
fuses, rather than explains, the phenomena of heredity. The "dynamic 
theory," on the other hand, though presenting a difficulty in understand- 
ing how changes in the periphery can modify the germ-plasm in such a 
way as to reproduce the new characters in the offspring, is regarded as 
much more consistent with the data of palaeontology. 
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//. Pi'oci€{Hnf/H vf Scieniific Socuties. 

Proceedings of the Coionido Scientific Society, Vol. iii. Part iii, 181*0, 
contains: Identification of Dinosaurs from the Denver Group, by Geo. 
L. Cannon, J r : A Kemarkai)le Crystalline Compound of Arsenious and 
Sulphuric Acids, by Richard Pearce; Iron-Ore Beds in the Province of 
Santiago, Cuba, by F. F. Chisholm: Gold Deposits in the Quartzite For- 
mation of Battle Mountain, Colorado, by F. Guiterman; Geolog}' of the 
Kosita Hills, Custer Co., Colorado, by Whitman Cross; Fulgurite from 
the Spanish Peaks, by H. C. Hills; On the Nature of the Chemical Ele- 
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ments, by Chas. 8. Palmer; The Geology of Perr}' Peak, Colorado, by 
Geo. L. CannoD. Jr.; A Boulder County Mine, by John B. Parish; Colum- 
bite and Tantalite from the Black Hills, S. D., by Wm. P. Hehdden; 
Notes on the Discovery and Occurrence of Tin Ore in the Black Hills, 
S. I)., by Wm. P. Headden; On the Quartz Porphyry of Flavstaff Hill, 
Boulder Co., Colorado, by Chas. 8. Palmer and Henry Fulton; Orographic 
and Structural Features of Rocky Mountain Geology, by U. C. Hills. 

Proceedings of the Rochester Academy of Science, Vol i. Brochure ii, 
contains: Notice of a New Meteorite from Louisa Co., Va., by E E. 
Howell; Analyses of Kamacite, Tcvnite, and Plessite from the Welland 
Meteoric Iron, by J. W. Dnvison; A Section of the Strata at Rochester, 
N. Y., as shown by a Deep Boring, by H. L. Fairchild; On the Separa- 
tion and Study of the Heavj' Accessories of Rocks, \ y Orvllle A. Derby. 

Journal of the Elisha Mitchell Scientitic Society, eighth year, 1801; 
part second, contains: Occurrence of Zirconium, by F. P. Venable; 
Magnetic Iron Ores of Ashe Co., N. C, by H. B. C. Nitze; The Occur- 
rence of Platinum in North Carolina, by F. P. Venable. 

///. Paprrs in Scientific JouruaU. 

The Canadian Record of Science, Vol. iv. No. 8, contains: Description 
of a new Species of Panenka from the Corniferous Limestone of Ontario, 
by J. F. Whiteaves; Notes on the Occurrence of Paucispiral Opercula of 
Gasteropoda in the Guelph Formation of Ontario, by J. F. Whiteavea; 
Note on Leptoplastus, by J. F. Matthews; Notes to Accompany a Tabula- 
tion of the Igneous Rocks, based on the System of Prof. H. Rosenbusch, 
bv F. D Adams; A Note on the Collection of Sediments in Potable 
Waters.by R. F. Ruttan; Short Notes on some Canadian Minerals, by W. 
F. Ferrier. 

The Ottawa Naturalist, Vol. v, No. 9, Jnn, 1892, contains: Inaugural 
Address: The Work of the Geological Survey of Canada, by R. W. Ella. 

The Geological Magazine, Vol. ix. No. 1, Jan. 1892, contains: The 
Lower Devonian Fish Fauna of Campbellton, New Brunswick, by A. 
Smith Woodward; On the Crystalline Schists of the Lepontine Alps, by 
Dr. F. M. Stapff;The Fauna of the Olenellus Zone in Wales, by H. Hicks; 
Readers Theory of Mountain Building, by A.J. Jukes-Browne; On Xan- 
thiditi in the London Clay, by E. W. Wetherell. 

Frh. No. contains: Note on an Iguanodont Tooth, by E. T. Newton; 
Note on a New Species of Onychodus, by E. T. Newton; New 
Hyaline Foraminifera from the Gault, by F. Chapman; Absence of 
Glaciation in Western Asia and Eastern Europe, b>' H. H. Howorth; On 
Certain Highland Gneisses, by George Barrow; Continuity of the Kella- 
ways Beds near Bedford, by A. C. G. Cameron; Nature's Manufacture of 
Serpentine, by Maj.-Gen. MacMahon; Reply to Prof Blake, by 8. 8. Buck- 
man. 

Mar. No. contains: The Coniston Limestone series, by J. E. Marr: On 
the formation of Landscape Marble, by H. B Woodward; On the Himant 
Limestone, by L. W. Fulcher; On the Flexibility of Rocks, by G. W. 
Card. 
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/ y. Excerpts and Individual Publications. 

Od the Occurrence of Diamonds In Wisconsin, by Geo. F. Kunz. From 
Bull. Geol. Soc. Am., Vol. 2. 

Farmington, Washington Co., Kansas Aerolite, by Geo. F. Kunz and 
£. Weinschenk. From Am. Jour. Sci., Jan. 1892. 

Plea for the Life of the Geological and Mlneraloglcal Survey of Texas, 
and review of the Charges Preferred against Prof. £. T. Dumble, State 
Geologist, by J. II. Herndon, 8vo., pp. 40. Austin, Sept. 1891. 

Notes on the Genus Acldaspls, by J. M. Clarke. Communicated to the 
State Geologist, [New YorkJ Dec. 1890. 

Observations on the Terataspis grandls Hall, the largest known trilo* 
bite, by J. M. Clarke. Communicated to the State Geologist, [New York) 
Dec. 1890. 

Note OQ the Coronura aspectans Conrad (sp.), the Asaph us diurus. 
Green, by J.M.Clarke. Communicated to the State Geologist, [New 
YorkJ Dec. 1890. 

The Discovery of Clymenla In the fauna of the Intumescens-Zooe 
(Naples Beds) of Western New York, and its Geological Slgnifican<e,l'y 
J. M. Clarke From Am. Jour. Sci., Jan. 1892. 

A Section of the Strata at Rochester, N. Y., as shown by a Deep Bor- 
ing, by H. L. Fain^hild. From Proceed. Hochester Acad. Sci., Vol. i, 
1891. 

Reports on Short Excursions made by the Geological Department of 
the University during the autumn of 1891, by Geo. H. Williams and Wm. 
B. Clark. In Johns Hopkins University Circulars, Feb. 1892. 

The Ward Collection of Meteorite's, pp. 75, Rochester, N. Y. 

The Filling of Mineral Veins, by J. F. Kemp. From School of Mines 
Quart., No. 1, Vol. xiii, Nov. 1891. 

Theory of an Interglacial Submergence in England, by G. Frederick 
Wright. From Am. Jour. Sci., Jan. 189i. 

The Basic Dikes Occurrinjr Outside of the Syenite Areas of Arkansas, 
by J. F. Kemp. F*rom Ann. Rep. Geol. Surv. Arkansas, Vol. ii, 1890. 

Height and Position of Mt. St. Ellas, by I. C. Russell. From Nat. 
Geog. Mag., Vol. iii. 1891. 

Discovery of Cretaceous Mammalia; part in, by O. C. Marsh. From 
Am. Jour. Sci., Mar. 1892. 

Soil Investigations, by Milton Whitney. From Fourth Ann. Rep. 
Maryland Agl. Exp. Station. 

Association of Apatite with Beds of Magnetite, by W. P. Blake. From 
Trans. Am. Inst. Min. Eni?., Feb. 1892. 

Contributions to the Early History of the Industry of Phosphate of 
Lime in the Uniteii States, by Wm. P. Blake. From Trans. Am. Inst. 
Min. Eng., Feb. 1892. 

The Trap Dikes in the Lake Chainplain Valley and the Neighboring 
Adirondacks, by J. F. Kemp and V. F. Marsters. From Trans. N. Y. 
Acad. Sol., Vol. xi, 18.^1. 

A summary of Progress In Mlneralojry and Petrography In 1891, W. S. 
Bayley. From monthly notes in the American Naturalist. 
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Tertiary Mollusks of Florida, part ii, W. H. Dall. From the Trans. 
"Wag. Free In%t.. pp. 201-217, 1892. 

Parka decipieDS. Notes on specimens from the collections of James 
Reld, Es(i., of Allan House, Blairgowrie, Scotland, Sir William Dawson 
and Prof. D. P. Penhallow. Trans. lioy. Soc, Canada, Sec. iv, 1891. 

Glacial lithograph (from Guthrie's geological collection); an imprint 
from a glaciated limestone surface, March, 1891. 

The Mother Maps of the United States, by Henrj' Gannett. From 
Nat. Geog. Mag., Vol. iv, Mar. 1892. 

Notes on Paleozoic Crustacea*, No. 1 : On some new Sedalla Trilobites, 
by A. W. Vogdes. From Trans. St. Louis Acad. Sci., 1891. 

Artesian Wells and Water Horizons in Southern New Jersey, by Lewis 
Woolman. From Ann. Uep. State Geologist of New Jersey for 1890. 
Trenton, 1891. 

A Review of Artesian Horizons in Southern New Jersey, by Lewis 
Woolman. From Ann. Hep. State Geologist of New Jersey for 1891. 
Trenton, 1892. 

Two Species of Trees from the Post-Glaclal of Illinois, by I). P. Pen- 
hallow. From Trans Roy. Soc., Canada, Sec. iv, 1891. 

r. Foreign PuhlicatioiiH. 

Notes on Crj'stallites, by Frank Rutle}'. From Mineralogical Maga- 
zine, Vol. ix. No. 44. 

The Type Fossils in the Woodwardian Museum, Cambridge, by Henry 
Woods; 8vo, 180 pp., Cambridge, 1891. 

Eclogd* Geologicti* Helvetitijv, Vol. ii. No. 5, Jan. 1892, contains: Allu- 
vions glaciaires, par Du Pasquier. 

Verhandlungen der Naturforschenden Gesellschaft in Basel, Bd. ix, 
Heft 2, contains: Geologische Mittheilungen aus der Umgebung von 
Lugano, von C. Schmidt und G. Steinmann; I'eber ein zweites Vorkam- 
men vou dichtena Vesuvian in den Schweizeralpen, von C. Schmidt; 
Neuere Funde von fossilen Silugethieren in der Umgebung von Basel, 
von L. Rntimever. 

Die Quarzpori)hyre der Umgegend von Gross-Uinstadt, von Christoph 
Vogel. From Abhandl der Geolog. Landesaustalt zu Darmstadt, Bd., ii. 
Heft 1, 1891. 

Sulla Fase Eruttiva del Vesuvio comunciata nel Ginguo, 1891, di R. V. 
Matteucci, Napoli, 1891. 

Bulletin de la SociCtC' GC-ologiiiue de France, t. xix, Ihc. 1891, contains: 
La Geologie et la PalC'ontologie du bassin houiller du Gard, par R. Zeil- 
ler; Note sur trols espt'ces du genre SraljteUum du Calcaire Qrossier des 
environs de Paris, par L. Bertrand; Note prC'liminaire sur les observa- 
tions g^'ologicjues faites dans TAsie centrale, par Ch. Bogdanowitch; Sur 
(juelques points de la gC*ologie des Corbi^res, par L. Carez; Note sur les 
terrains primaires de Merens, par J. Roussel; Note sur trois nouvelles 
BC'lemnites s^^noniennes, par Ch. Janet; Sur le Cr(''tacC' supC'rieur des Pyr- 
C'nCes occidentales, par Stuart-Menteath; Observations sur Tallure des 
couches dans des Pyr<*nees fran^aises, par J. Roussel; Sur les roches d 
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leucite de Tr^bizonde, par A. Lacroix; Notes 8ur quelques roche« d*Ar- 
m<3Qie, par A. Lacroix; Note sur le genre EchinocyamuB^ par J. Lambert; 
Sur leg notes (reologlques de M. J. Seunes, par Stuart- Menteath; Sar 
TattributioQ au Carboaif^re des schistes d Oldhimia du i>ays de Luchen, 
par Caralp; Sur les terrains quarternaires des environs de Tiaret. depart- 
ment d*Onui (Alg^rie), par J. Welsch; Note surl'origine des giteacalam. 
inaires, par A. Lodin; Notice geologique et pal^ntologique sur le nature 
des terraina travers(fs par le chemin de fer entre Dijon et Chalon-sur 
SaOoe, par Parandier. 

Feb, No^ 1802, contains: £tudes s'rAtigraphiquesdans la region do C^p 
Gris-Nez, par DouvilK; et Rigaux; Observations sur la note de M. Stuart- 
Menteath intitul^e; Sur le Cretac<* superieur des Pyr^n^es Occidentalea, 
par J. Seunes; Reponse i\ le note de M. Stuart- Menteath intituK^e; Sur le 
notes de J. Seunes, par J. Seunes; Description de ileux Crinoides nou- 
veaux du D<iVonien de la Manche, par D. P. (Ehlert; Remarques sur les 
gites de phosphate de chaux de la Picardie, par N. de Mercey: Notes re- 
cueillies au cours d'une exploration dans Tfle de Born<'*o, par M. Chaper; 
Relations stratigraphiques de Targile A silex, par G.-P. Dollfus: Note 
sur les conditions dans lesiiuelles s^est effectu<i le depot de la crale daos 
le bassin anglo parisien, par Ch. Janet. 

Geology and Mineral Resources of the Upper Burdekiu, by A. Gibb 
Maitland. 4vo., 10 pp , with profiles and plate. 

The Geology of the Cooktown District, by A. Gibb Maitland. 4v<)., f> 
pp^ 3 colored plates. 

Coolgarra Tin Mines and Surrounding District, by A. Gibb Maitland. 
4vo., 6 pp., with profile and plate. 

Proceedings of the Philosophical Society of Giasgow, Vol. xxii, 1890- 
91, pp. 374. Glasgow, 1891. 

Foldtani Kozlony, xxi Kotet, 8-12 Fnzet Budapest, 1801. 

Vierteljahrschrift der Naturforschenden Gesellschaft in Zurich, 36th 
Jahr, Heft 3 und 4. Zurich, 1891. 

Neujahrsblatt von der Naturforschenden Gesellschaft auf das Jahr, 
1892, xciv. Zurich, 1892. 



coreespoxde:n^ce. 



Rocks ok the Niagara Age in Indiana. — In the March (1891) number 
of the American Geologist, page 178, the writer selected Saint Paul, De- 
catur county, as a typical locality for the state, giving what was consid- 
ered to be a complete representation of the Niagara strata. Since then 
the writer has traced the rocks to the Ohio river and found the fossil lay- 
ers in the northern part of Jefferson county, on a little stream by the 
name of Big creek, to be a distinct bed and lower than any strata at St. 
Paul. This stratum consists of a calcareous shale from ten to fifteen feet 
in thickness; it immediately underlies the massive homogeneous quarry 
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bed of St. Paul, HarrU City, Greensburg and Osgood. The following is 
a connected section of the Niagara neks of the state: 

No. 5. Blue Mhale iThe Waldrou fo--*!! bedx, 10 feet^. Se«»n on Mill creek, a short dis- 
tance above the point where it flowo into Flat Rock. 

No. 4. Thinly laminated lime>*tone uuarrie<i at St. Paul. thickneM 15 feet: containing; 
PiMocrintm fjfmmi/ormiM H. A. Miller; P. afoboHns Ringueberj;; "pear nhaped crin- 
old:*'* StephiiHOcriitUii ongootiett^ii* 8. A. Miller 

No. -S. Chertv bedx. containing thin platex of liraei*tone in which are found the rfame fon- 
xiU aA in No. 8, thickne»H 1.5 feet, on Flat Rock, 8t, Paul. 

No. 2. Heavy laminated quarrT rock, containint^ foHnili* in No. 3 but not in nuch profa- 
xion, the upper or "llasrsrin^'* layer** containing in addition cyf«tid(» and lan^e cephal- 
opoda, (iyroc^raa eirofii \\ hlte, Orfhocfran nun ulntum Sowerby. St. Paul, Greenf«- 
burjf, ilarrlH City, OMgood and on Bit; creek, Jefferson county. 

No. 1. Calcareous phale, ihicknei*?* 15 feet. Seen on Bis creek, Jefferson c ounty, con 
tainint; large specimens of ('(iryocrimiH ornafmt^ Holycyatiffit and Step h nnocrinua 

It was also stated in the former paper that no Caryocrinus had l)een 
found in the state; several small species, which up to date are new, 
have been found at St. Paul, while bed No. 1 of above section contains 
Caryocrinus ornatus of enormous size, the hight of the calyx of one spec- 
imen seen being three inches. 

The following general observations may he made: 

In the northern part of the state only small species, such as Pisocrinus, 
have been found; at St. Paul the specimens are larger and a great num- 
ber of Swedish genera occur such as Caliicriuus, Carpocrinus, etc., and 
small cystids, while at Greensburg and Harris City Stephanocrinus pre- 
dominates, and at Osgood the **pear shaped crinoid" reaches its greatest 
size. In the lowest bed, that on Big creek, .Jefferson county, the cystids 
become enormous in size. 

Recently the writer has exchanged specimens with Prof. Gustaf Lind- 
strom, of Swe<len, and finds that the corals of Sweden are nearer those of 
this lower bed than any other. Charles S. Beaculer. 

(:ra(cford9cille, Ind.y Mny 12, 18U2, 

Prizes Awarded by the Boston Society of Natural, History. — 
A grand honorary prize placed at the disposal of the Boston Society of 
Natural History by the late Dr. William J. Walker '*for such investiga- 
tion or discovery as may seem to deserve it, provided such investigation 
or discovery shall have been made known or published in the United 
States at least one year previous to the time of awanl** has been unani- 
mously awarded to Prof. James D. Dana. In recognition of the value of 
the scientific work of Professor Dana and in testimony of the society *8 
high appreciation of his services to science the maximum sum of one 
thousand dollars has been awarded. 

For the annual Walker prizes a first prize of one hundred dollars has 
l)een awarded to Baron Gerard de Geer, of Stockholm, for an essay enti- 
tled **On Pleistocene Changes of Level in Eastern North America," and 
a second prize of fifty dollars to Prof. William M. Davis of Cambridge for 
an essay on ^*The Subglacial Origin of Certain Eskers.'* 

Mny 2y 1892, Sam'l Henshaw. 

m^ ~ I ■ ■ ■ I 

•The "pear shaped crinoid" has been Hguml by Mr. S. A. Miller in Advance sheets of 
17th Indiana report as Bophocrinus howardi. 
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Deltas op the Hudson and Mohawk Valleys — ^The interest ing let- 
ter in your last number (p. 844) by Mr. Taylor, and his able article in the 
American Journal of Science for March, give very clear descriptions of 
deltas in the Mohawk valley and of shore lines on the upper Laurentian 
lakes, which he refers to the presence of the sea since the recession of 
the ice-sheet. While thanking him for the excellent descriptions of these 
deltas and shore lines, I wish to offer an altemutive view, showing how 
the Hudson and Mohawk deltas may be wellexplained by a glacial lake, 
which seems to me to be the only explanation consistent with the com- 
plete absence of Champlain or postglacial marine fossils from these val- 
leys and from all the area of the great Laurentian lakes. This explana- 
tion appeals to the receding continental ice-sheet as the northern and 
northeastern barrier of great glacial lakes in the northeastwardly descend- 
ing St. Lawrence basin, until the farther departure of the ice admitted 
the sea into the then depressed St. Lawrence and Ottawa valleys and 
basin of lake Champlain. These glacial lakes and the Champlain de- 
pression of the countr}' northward have been demonstrated by the work 
of Gilbert, Chamberlin, Leverett and others. 

On what portion of the St. Lawrence basin did the ice-sheet continue 
latest as a barrier of lake Iroquois, the glacial lake which outflowed 
through the Mohawk valley, and afterward by the way of lake Cham- 
plain to the Hudson? This is answered by finding where the ice at the 
time of its departure was thickest upon the St. Lawrence valley, so that 
its latest movements were thence southwesterly toward the lake Iro<[uoi8 
and easterly toward the gulf of St. Lawrence; and this area, as shown by 
the directions of glacial stria' and transportation of the drift, was the 
vicinity of Quebec. 

When the ice blockade was removed, the northward depression of the 
land, which had been slowly rising (as I have shown in Bulletin, G. S. A., 
vol. ii, pp. 258-265), was still sufficient to i)ermit the sea to tiow in where 
a great extension of like Iroquois had previously existed. The incur- 
sion of the sea, at a somewhat lower level than had been held by the 
glacial lake, reached to the south end of lake Champlain, to the Thousand 
islands at the mouth of lake Ontario, and to Pembroke in the Ottawa 
valley, seventy -five miles above the city of Ottawa. To these limits the 
marine fossils of the Champlain sul)mergence are present In beds of clay 
and sand overlying the till. Tlieir maximum observed iiight above the sea 
is 520 feet at Montreal, from which their upper limit declines southwest- 
ward to ai)out 250 feet near the mouth of lake Ontario, southward to 
probably a less hight at the south end of lake Champlain, and eastward 
to zero in Nova Scotia. The fretjuent occurrence of Champlain marine 
fossils to these limits shows the formerly much increased extent of the 
gulf of St. Lawrence; but on the other hand the absence of such fossils 
westward from the mouth of lake Ontario and in the Hudson and Mohawk 
vallevs marks areas where the shore lines and deltas of former bodies of 
water are referable to glacial lakes, not to the sea. If a strait of the 
ocean had occupied the Hudson valley at the time of the Champlain 
submergence, tidal currents must have swept to and fro through the val- 
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l^Xf gi^'iog the most favorable conditions for the incoming of the marine 
fauna. 

The ph3'8ical features of the deltas so well described by Merrill, Davis 
and Ta3ior along the Hudson and the Mohawk are all satisfactorily at- 
tributable to the presence of a glacial lake, which I have called lake 
Hudson-Champlain, dammed on the north by the retreating ice-sheet 
and held somewhat above the sea level by a greater elevation of the land 
at the mouth of the Hudson and southward. The submarine continua- 
tion of the Hudson river channel Is submerged only 2u0 to 250 feet for a 
distance of nearly ninety miles southeastward from Sandy Hook, and I 
believe that this area during the Cham plain epoch was a land surface 
across which the Hudson river outflowed from the glacial lake of the 
Hudson and Mohawk valleys, and later from lake Iroquois when the de- 
parture of the ice east and north of the Adirondacks allowed these lakes 
to become united. 

A seesaw movement daring the Kecent epoch, uplifting the land at 
the north and depressing it at the south, has given to the deltas of the 
Hudson and Mohawk their increase in altitude from south to north, and 
has raised the old sea shore at Montreal to a hight of more than 500 
feet; while the channel of the Hudson has been carried down so that the 
sea now sends its tide to Albany, the sinking of the mouth of the river at 
the Narrows having been at least 100 feet, according to Merrill, and the 
iiubsidence farther southward along the submarine channel probably 200 
to 300 feet. This movement Indeed appears to lie still continued on the 
New Jersey coast at the present rate of perhaps two feet in a hundred 
years. Warren Upham. 

SomertUh\ Mqhb.^ May .'/, IHU'^, 
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Report of a Committee on the Claims of Willard Glazier. 

St. Pail, Minn., May J», 18i>2. 

To th( E.reciittr* Coiincif of tin Stat^ Jlisforictif Sovitty of Mt'ti- 

The special committee appointed hy you to consider the com- 
munication of Capt. Willard (Hazier relative to his allegeil dis- 
<*overy of the true source of the Mississippi river, 1ms to re|)ort 
as follows: 

1st. His charts are liydrographic and to|)Ographie misrepre- 
sentations. 

2d. His claim tliat among his assistants were noted geogra- 
pliers and expert engineers, is a iiohl fiction apparently devised to 
mislead the credulous. 

3(1. Many of his assertions are willful perversions of well 
established geographic and historic facts, and others l>etray a 
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gross, and in the light of his claims, culpable ignorance concern- 
ing the country sui rounding the head waters of the Mississippi. 

4th. In tone, Capt. Glazier's statements are discourteous to 
this society and its representatives; to the faithful living engi- 
neers and explorers who preceded and followed him ; and a dis- 
honor to the memory of Morrison, Schoolcraft, and Nicollet. 

5th. Throughout, Capt. Glazier, as on all other occasions 
when he has discussed this matter, seems by reason of vanity, 
and a desire for commercial profit to seek a cheap notoriety, the 
only thing in the light of real discoveries and explorations that 
is left to him. 

For the reasons cited, your committee would respectfully rec- 
ommend that the communication of Capt. Glazier be tabled as in 
every sense unworthy of your adoption. 

rT, H. KiKK, 
Signed I J. V. Brower, 

[ N. H. WiNCHELL. 

The Ohio Academy of Science, organized at Columbus, Dec. 
81, 1H91, will hold its Summer or Field meeting, June 3 and 4, 
at Akron, in the valley of the Cuyahoga, the guest of the Akron 
Scientific club. The president is E. W. Clay pole, and the secre- 
tary is W. R. Lazenby. 

The Wiscoxsi.n Academy of Sciences, Arts and Letters 
will have a field meeting at Green Lake, six miles from Ripon, 
Wis., June 2, 3 and 4, diversified by various scientific excur- 
sions, and by a literary prognim. Announcement is made by 
the secretary. Prof. W. H. Hobbs. 

Mr. Georoe H. Barton spoke on the evening of April 2Uth 
before the Boston Society of Natural History on the progress made 
during last year in his work for the U. S. Geological Survey in 
mapping the drumlins of Massachusetts. The number already 
mapped exceeds 1,100, and it is estimated that the whole number 
of these drift hills in the state is about 1,500. 

Prof. I. C. Russell, of the U. S. Geological Survey, has been 
appointed to the professorship of geology at the University of 
Michigan, long held by the late Alexander Winchell. 

The Le(ji8Lature of the State of New York has appro- 
priated eighteen thousand dollars to carry forward the paleonto- 
logical work of the Geological Survey, providing for the publica- 
tion of Vol. viii of the paleontology of the state; also five 
thousand dollars ' 'for the completion and publication of the geo- 
logical map of the state of New York, under the supervision of 
the state geologist, and in co-operation with the director of the 
United States geological survey;" also two thousand dollars to 
obtain records and specimens of the deep shafting by the Livonia 
Salt company. 
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